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INTRODUCTION 
The diatoms are a key group of photosynthetic protists present in most aquatic 
ecosystems and habitats, including lakes, ponds, rivers, estuaries, wetlands and the ocean. They 
often comprise a significant portion of the primary producers, and contribute heavily to primary 
production in both marine (Lovejoy et al., 2002; Sigee 2005) and freshwater (Fischer et al., 
1999; Kromkamp and Peene 1995) environments. Barber and Hayworth (1994) perhaps best 
describe the cosmopolitan nature of the diatoms stating that they  “…live wherever there is 
moisture, even on soils”. As solitary or colonial forms, diatoms occur in planktonic and 
periphytic communities in both freshwater and marine ecosystems where they fulfill multiple 
niches with passive or active mobility (Dodd 1987). Diatoms have gained prominence as they 
have been successfully used as environmental indicators of anthropogenic damage. The success 
of diatoms as bioindicators is due to the fact that many species are differentially distributed over 
major environmental gradients (Wehr and Sheath 2003). Some taxa, for example, are found only 
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under low nutrient or low pH conditions, while others thrive in eutrophic or alkaline habitats. In 
addition, diatoms respond rapidly to environmental stress (Brazner et al., 2007), and because the 
siliceous frustules remain preserved in the sediments long after the organism has died, they are 
valuable tools for reconstruction past environments (Yang et al., 2008; Abrantes and Moita 2007; 
Jiang et al., 2001; Verleyen et al., 2004), including the effects of climate change (Hausmann and 
Pienitz 2007).  
 Round et al. (1990) placed the diatoms within Divison Bacillariophyceae and this system 
remains widely used today. However, with new ultrastructural and molecular gene data the 
diatoms are currently placed within the broad eukaryote supergroup, the Heterokontophyta; 
informally called the stramenopiles. The heterokonts constitute one of seven eukaryotic super 
groups (Pawlowski et al. 2012; Adl et al. 2012). Although Round et al. (1990) never enumerated 
the total species of diatoms that have been formally described, we can postulate, based on recent 
ultrastructural and molecular data, that this number underestimates the true number of species 
and was never static. Although Sims et al. (2006), refuse to give an estimate, citing difficulties in 
discerning boundaries between species, Mann and Vanormelingen (2013) estimate a minimum of 
100,000, but at the same time note that there are a plethora of understudied regions.  
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General morphological groupings within the diatoms include the centrics and pennates, 
with further distinctions made within the pennates that possess a raphe and those that do not, 
corresponding to the raphid pennates and araphid pennates, respectively. Classically, these 
distinctions were made by means of assessing valve symmetry (Cox 2011). Later, these 
groupings or clades were further refined to include modes of sexual reproduction (Round et al. 
1990; references within Medlin and Kaczmarska 2004). In general, centrics possess radial 
symmetry while their pennate (Fig.1) counterparts display bilateral symmetry about the apical 
and trans-apical axes (Barsanti and Gualtieri 2006). Pennate diatoms bearing a raphe are 
generally found attached to a substrate or in benthic habitats, while the araphid and centric 
diatoms are most often planktonic forms (Sigee 2005). Centrics are oogamous and contain 
numerous “discoid” plastids as opposed to the isogamous pennates, with lesser amounts of “plate 
like” plastids (Medlin et al 1996).  
The phylogenetic relationship of the centrics and the pennates based on molecular data 
has been hotly debated and remains in a state of flux.  Medlin and Kaczmarsk (2004) uncovered 
two primary clades, one that included the radial centric diatoms, and a second that included 
bipolar centrics, radial Thalassiosirales, and the pennates. Alverson and Theriot have questioned 
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the findings which were the later supported by further work by Medlin (2010). Despite the 
differences, all agree that the pennates form a well-supported clade while the centrics do not 
(Alverson et al., 2006).  
Diatoms cells are contained within a complex and exquisitely detailed siliceous cell wall  
known as the frustule (Duke and Reimann 1977) . Frustules (Fig. 2) are composed of two 
overlapping compartments called valves and a series of connecting bands named girdle elements, 
or cingula. One valve, the epivalve, is slightly larger and fits over the smaller, or hypovalve, in 
the same way the lid rests over the mouth of a jar. The cingula are comprised of a number of 
hollow, ring-like elements that are usually open and intimately associated with and serve to 
connect the hypovalve and epivalve. Girdle bands associated with the hypovalve or epivalve are 
collectively referred to as the hypocingulum and epicingulum, respectively. The valve face is the 
outward facing portion of the valve, equivalent to the flat top of a jar lid. The valve mantle is the 
portion of the valve viewed from the side, often in direct contact with the girdle bands. 
Any diatom can drift passively in a water column depending on the degree of physical 
disturbance in relation to cell buoyancy. Directional movement along a surface substrate, 
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however, is accomplished with the aid of a raphe. Essentially, the diatom adheres itself to the 
substrate and then moves with the aid of a substance extruded through the raphe (Edgar 1983; 
Higgins 2003).  The raphe, found only on a group of pennate diatoms (raphid diatoms), consists 
of two narrows slits in the valve connected by a solid, thickened nodule. On most diatoms, the 
raphe slits are centrally positioned on the valve face, parallel to the apical axis. Some genera may 
possess a raphe that runs almost completely around the margin. On others, including Eunotia, the 
raphe is positioned on the side of the valve, or mantle. Most often the distal end of each raphe slit 
terminates internally as a thickened structure called the helictoglossa. Externally, this structure 
terminates as a blind groove called the distal fissure. Overall, the length, position and structure of 
the raphe are often determinants in identifying taxa.  
The apparent “bands” or lines as seen in light microscopy that cross the valve on diatoms 
are referred to as striae. Striae are remarkably diverse in structure, and their patterns, 
arrangements, density and ultrastructure are used to, in part, delineate taxa.  The “bands”, which 
oppose the nonporous hyaline areas, usually consist of closely spaced pores of varying size and 
complexity, referred to as areolae, or alternatively as simple holes in the valve called punctae. 
Both internal and external openings of the areolae may differ in size, shape, structure and 
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complexity. For example, additional supporting frameworks may be laid within the areolae to 
form chambers, or loculate. Conversely, areas in between striae are solid deposits of silica 
known as virgae, which when they are of particular thickness form ribs, or costae, that often 
oppose the striae on the outward surface of the frustule. Perforations in the silica cell wall of the 
diatom that are occluded, or partially occluded, known as vela, and are distinguished by the types 
of coverings known as cribra, rotae and volae. These can be easily remembered by associations; 
A cribrum resembles a pasta colander, a rota resembles a wagon wheel, and a vola possesses a 
wing or bar extending outward from the pore surface. There is also some evidence to suggest that 
these occlusions may be limited to certain diatoms. Centric and araphid pennate diatoms are 
attributed with having rotae, while the pores of raphid pennates are usually covered with a 
delicate silica membrane, or hymen (hymenes plural). 
In addition to the raphe, striae, costae and areolae, diatoms have other structures known 
as portules that include openings through the valve. There are two types of portules, fultoportula 
and rimoportula. The former structure is confined to an order within the centric diatoms, and the 
latter is found in centrics, araphid pennates and a limited number of raphe bearing taxa. Most 
portules form tubes through the wall terminating on the exterior surfaces as a simple pore. 
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Internally, a rimoportula forms an extended or sunken slit, known as a labiate process, while a 
fultoportula is much more complex with a series of these support structures surrounding the tube.  
The unique orientation of the components forming the frustule coupled with their rigid 
structure, means that diatoms can only grow in volume in one direction. For growth to occur, the 
valves are pushed apart and separated from one another through the addition of girdle elements 
that become attached to the hypocingulum. Bands are not added to the epicingulum in this 
process. This has marked consequences for the cell cycle of diatoms. Cell division of diatoms in 
the vegetative state yields two daughter cells albeit with one caveat. Since diatoms can only 
expand along one axis, with additions made solely to the hypocingulum, there is a gradual 
reduction in the size of diatoms with each cell division. When a diatom frustule undergoes 
vegetative cell division, the parent hypocingulum becomes the epicingulum of one daughter cell, 
and the parental epicingulum remains the epicingulum for the second daughter cell. This means 
that over successive divisions there is a gradual reduction in diameter. Therefore, mean diameter 
of frustules decreases as the size of the population increases. This is known as the Pfister rule. 
The larger frustule size is reestablished through formation of a structure known as the auxospore. 
Auxospore formation is a highly detailed process where, in contrast to vegetative cell growth 
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where girdle bands are added, valves separate allowing the cell to expand past the confines of the 
valve. This ensures the reestablishment of a cell with maximum cell size. Auxospore formation 
usually accompanies the sexual cycle within the diatoms, however both auxospore formation and 
sexual reproduction, are highly varied processes within the raphids, centrics and araphids.    
Although, as noted earlier, it is anticipated that the taxonomic relationships among the 
dense array of diatom genera will undergo revision as the inclusion of molecular data becomes 
more prevalent, the taxonomic scheme of Round et. al. (1990) is followed by most scientists. 
According to Round et al. (1990), diatoms are classified with the Division Bacillariophyta which 
encompasses three classes: The Coscinodiscophyceae, Fragilariophyceae, and Bacillariophyceae, 
broadly representing the centrics, araphid pennates and raphid pennates, respectively. The 
Bacillariophyceae is divided into further subclasses, including the subclass Eunotiophycidae, 
which contains the order Eunotiales and two families, the Peroniaceae and the Eunotiaceae. 
While the Peroniaceae contains the sole genus Peronia, the Eunotiaciae contains Eunotia, 
Desmogonium, Semiorbis, and Actinella (1990). Since the work of Round et al. (1990), there 
have been additional genera described and included within the Eunotiacae, including Eunophora, 
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Amphorotia and Perinotia (Vyverman et al., 1998; Williams and Reid 2006; Ferrari et al.,2009; 
Harper et al., 2009) 
The genus of study here, Eunotia, is characterized by raphe slits that are reduced and 
restricted to the valve apices and situated largely on the mantle. This is unlike most raphid 
diatoms where the raphe is positioned on the valve face, not on the mantle.  In addition, the raphe 
on Eunotia species lacks a central nodule. On most Eunotia species the distal end of the raphe 
usually comes up onto the valve face or ends near the junction of the mantle and valve face. 
Internally, the helictoglossa is often thickened and easily seen with light microscopy.  The distal 
fissure on most Eunotia species often comes up onto the valve face. The striae are uniseriate and 
are composed of small, rounded poroids that often lack hymenes or other occlusions. Unlike 
other raphe-bearing diatoms, species of Eunotia, as with other members of Eunotiophyceae, 
possess rimoportula on the valve apices. Generally, each valve has one rimoportula, but some 
species have more than one and in a few instances they are lacking. The most common 
arrangement is for the valves of a frustule to each have a rimoportula on the opposing apices of 
the epivalve and hypovalve. Eunotia frustules are asymmetrical about the apical axis, with valve 
apices often bent toward one side of the valve forming a concave and a convex margin. The 
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concave margin is often shorter in length and is termed the ventral surface. The longer convex 
margin is the dorsal surface. On many Eunotia species the margins gently converge to form a 
banana-shape. However, on some species the margins specifically the dorsal margin can become 
modified forming quite ornate designs. 
Desmogonium is noted for featuring a girdle that is often rectangular in shape, similar to 
the genus Eunotia. The hallmark of Desmogonium is the appearance of prominent spines on the 
valve margins (Patrick & Reimer 1966). Desmogonium is more common within the tropical, and 
like many Eunotiaceae, favors acidic environments. 
The genus Actinella is separated from the other genera in the Eunotiaceae by the features 
of a heteropolar valve, where one pole or apex is wider than the other. Short spines may appear 
on valve margins that may appear slightly concave along the midline segments of the valve. 
Patrick and Reimer (1966) describe Actinella as “distinctly striated” appearing “subcuneate or 
linear” about the girdle view.  
The genus Semiorbis displays a lunate morphology similar to Eunotia, but with 
transverse ridges often culminating in spines on both sides of the valve. Uniserate striae are 
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present, lying in between the ridges along the valve, with a changeover to biserate striae 
becoming increasingly more prevalent as the dorsal margin is approached. Areolae are often 
sparsely seen in the center of the valve. This genus is similar to that of Eunotia in the structure of 
raphe, as they are restricted to the poles, or apices, of the valve and situated largely on the 
mantle. However, Semiorbis does not display the internal structure of the rimoportula that is 
noted in Eunotia (Round et al., 1990). Semiorbis was initially placed within the araphid pennates 
of Class Fragilariaceae by Patrick and Reimer (1966), but was moved after it was discovered to 
have a distinct, but reduced raphe (Round et al., 1990). 
Eunotia presents a cosmopolitan distribution and a strong predominance towards 
freshwater habitats. A few records of marine taxa exist, but these are likely due to specimens 
being washed in from freshwater locations. Species of Eunotia favor humic, acidic rivers and 
lakes (Siver and Wolfe 2007, Siver and Hamilton, 2011). Designs can range from no curvature, 
to slight undulations, to extreme cases of distinct, numerous “humps” often observed with a 
recurvature of the margin as the apices of the valve are approached. The ventral margin most 
often displays limited modifications, maintaining a simple concave shape that is markedly less 
elaborate (Patrick and Reimer 1966). 
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Family Peronioideae is characterized by a pseudoraphe that extends the length of the 
valve, a girdle that often appears wedge shaped without the appearance of septa, or intercalary 
bands. One valve has a short reduced raphe near the apex , while the opposing valve may contain 
a raphe near both apices. The Family consists of only one genus, Peronia. Species of Peronia 
have parallel striae along the wedge shaped valve with a marked absence of striae along the 
rounded apices. A lack of valve symmetry is noted about the transverse axis characteristic of the 
family, (Patrick and Reimer, 1966; Round et al., 1990). 
Traditionally, morphometrics was the analysis of shape variation as it covaries alongside 
other variables, such as height, length and width. One of the caveats to this method was that the 
measured linear distances could be misleading in regards to shape. It was possible to measure 
two objects that were completely different shapes yet contained exact measures of linear 
distance, such as maximum length and width. Recently, the geometric character of shape has 
been incorporated into the analysis, a field referred to as geometric morphometrics.   
Geometric morphometrics, also referred to as “Modern Morphometrics”, has addressed 
the aforementioned difficulties with linear distances. Modern morphometrics is utilized in many 
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biological disciplines to study a wide array of organisms, including fish, insects, green algae, 
synurophytes, Foraminifera and finally, as in our study, diatoms ( Neustupa 2013; Hull and 
Norris 2009; Loy et al., 2000; Poulickova et al., 2010; Dujardin 2008). Through the 
incorporation of outline methods and landmark data, geometric morphometrics better preserves 
the unique geometrical shape of the object throughout analysis, making it possible to then 
display the landmark configuration graphically (Adams et al., 2004; Dujardin 2008). Data is 
captured through relaying the linear distances and angles of positions referred to as landmarks 
represent positions along an outline or curved surfaces. There are two types of landmarks, 
permanent and semi-permanent landmarks. Semi-permanent landmarks are allowed to be “slid” 
into place, retaining an appropriate relative distance from one another and minimizing overall 
variation. Permanent landmarks designate specific positions on a specimen. These landmarks 
serve as benchmarks, representing fixed points with biological meaning. The algorithms ensuring 
the accuracy of the “slid” distances are built into the software package, in our case TpsRelW, are 
done with the aid of General Procrustes Analysis (GPA) (Adams et al., 2004). Stated briefly, the 
variation due to differences in size can be eliminated and the specimens can be compared within 
the same coordinate space, after a process of superimposition via shape, by analyzing their 
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Procrustes distance (Fig.3). These distances, associated with each landmark, compare all 
specimens within a sample, for that specific landmark, to the centroid of that particular 
landmark.  
For example, if an analysis has 20 specimens, each landmark will have 20 associated 
measurements. The centroid is then the mean position for the landmark based on all 20 
specimens. Specifically, if there are 5 landmarks used within an analysis, the total Procrustes 
distance for any specimen within the analysis would equal the sum of squares of distances for 
each of the 5 landmarks from the centroid. Generally speaking, the smaller the Procrustes 
distance the closer the shape of the specimen is to the centroid. Larger Procrustes distances 
indicate a larger variance of the specimen from the mean. These results are then expressed 
through the relative warp analysis. Results from the relative warp analysis can also be used for 
other statistical analyses such as multivariate analysis, using ANOVA or regression, and 
ordination analysis, like primary component analysis (Adams et al., 2004).  
 The purpose of the present study is to characterize variation in valve shape within 
Eunotia fossil and modern species using geometric morphometrics. One goal is to characterize 
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the major patterns of shape variation across the genus and determine if these are similar for fossil 
and modern taxa. A second goal is to examine how valve shape has changed since the Eocene. 
This information may invoke a better understanding of how the genus has evolved as a whole; 
and if it has been constant or variable across species. A third goal is to explore shape variation 
related to ecological niche. For example, do planktonic versus attached forms of Eunotia exhibit 
particular shapes when compared to one another. In addition, are there specific shapes that 
species have not evolved that are related to their ability to survive in certain environment.  
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METHODS AND MATERIALS 
The Giraffe pipe drill core situated in the Lac de Gras region, Northwest Territories, Canada was 
drilled at a 47 degree angle, attaining a total length of 163m. Of this, approximately 67 m are 
mudstones representing aquatic habitats (Siver and Wolfe 2007). The aquatic rocks are covered 
by a thick layer of terrestrial based remains measuring over 40 m and capped by a thick glacial 
till layer. The core is stored in boxes each of which consists of three distinct 1.5m long channels 
for a total core length of 4.5m per box.  Boxes with larger numbers correspond to deeper and 
older core sections, while smaller numbers indicate younger rocks closer to the surface. Samples 
taken from the core are identified by their specific box number, channel and depth within the 
channel, respectively. For example, a sample from 13-2-120 represents a sample from 120 cm 
from the top of channel 2 in Box 13.  
 From each location of the core examined as part of this study, a subsample of 
approximately 0.30 to 0.5 grams of mudstone was removed. The sample was placed into a 50mL 
glass centrifuge tube along with 10mL of 30% H2O2 and gently heated in a water bath to remove 
organic constituents.  The digestions were mixed to facilitate the removal of organic matter and 
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break down the rock matrix. Most samples were heated for between 6-12 hours, or until the 
mixture was homogenous with little to no further change noted.  Once cooled, samples were 
transferred to a 50 mL plastic centrifuge tube. Deionized water was used to rinse the glass tube. 
Samples were then “washed” 3-4 times using 40 ml of deionized water. Samples were 
centrifuged using a Damon IEC HN S2 centrifuge, for 20 minutes at 20,000 RPM in between 
washings. Twenty ml of the supernatant was removed by slow siphoning and the pellet 
resuspended using a vortex. After the fourth centrifugation, the supernatant was removed leaving 
6 mL total volume of the sample. This sample is referred to as the slurry. The slurry is 
transferred into a 4 dram glass vial, which is weighed before and after the addition of the slurry 
sample. The slurries are then labeled and refrigerated. Preparations of Giraffe mudstones 
represent slight modifications of those by Siver (1999) and Renberg (1990). Aliquots of each 
slurry were air dried onto 22mm circular glass coverslips and then mounted in Naphrax onto 
glass slides. Slides were allowed to set for 24 hours before being labeled, catalogued and stored. 
A total of 136 images of fossil Eunotia specimens from the Giraffe core were taken with 
an Olympus BX51 microscope using a Sony DKC-ST5 camera interfacing with a Dell Precision 
T1600 computer running Windows XP Professional Edition 5.1. Images of 109 modern species, 
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representing a full spectrum of morphologies, were scanned from Patrick and Reimer (1966) and 
Siver and Hamilton (2011) and added to the database. For all images, resolution was set to 300 
dpi and then cropped in Adobe Photoshop 4.0.1.  Measurements of both photographed and 
scanned specimens including valve length, valve width, dorsal length, ventral length, and striae 
density were done using Image-Pro Express software.  
Geometric morphometric data was compiled using Tps-series software (Rohlf 2009). 
Eighty landmarks were used to outline each specimen, including 4 permanent and 76 semi-
permanent, or sliding landmarks. The proximal and distal apices of the valve represent two 
permanent landmarks, numbers one and 47 respectively (Fig. 4). Two additional permanent 
landmarks are affixed to the midpoints of the valve along the dorsal and ventral margins, 
corresponding to landmarks numbers 24 and 67, respectively.  Length and width measurements 
were used to determine the midpoints of the valve to accurately position landmark 24 and 67. 
The remaining semi-permanent landmarks, numbering 76 in total, were needed to capture the 
shapes of the most complex specimens. Semi-permanent landmarks are allowed to slide into 
position so as to minimize total variation.  
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Total length of the frustule in valve view was taken for each sample, recorded from 
points on the frustule that exhibited the greatest extent of length. Width was recorded likewise in 
valve view, taken at the midpoint of the valve, dividing the length in half. Length to width ratio 
was calculated from these measurements. Mean striae density per ten microns was determined by 
counting the striations within a 10 µm distance in the center of the valve. Total length of the 
dorsal and ventral margins was recorded using the midpoint of distal and proximal apices. These 
“landmarks” served as both the beginning and end of the measurements recorded for both the 
ventral and dorsal lengths. Derived measurements from recorded values included: dorsal length 
to ventral length ratio, dorsal length to valve length ratio, and ventral length to valve length ratio. 
The aforementioned “landmarks”, along the apices of the valve and the midpoint of the 
valve, served as guide points for the digitization of landmarks within Tps Dig software and were 
annotated within each specimen. From this initial delineation of landmarks, samples of 
photographed specimens were compiled within folders and subsequently transformed into a Tps 
file using the Tps-Utility program. Using these files, the Tps-Dig software package was then 
used to digitize the landmarks. All specimens were landmarked with 80 points within a 
counterclockwise orientation. In order to use the landmarks with the relative warp analysis, 
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“Link” and “Slider” files were created. The “Link” file was made using the Tps-Utility program, 
which linked together all 80 landmarks in succession, using the original digitized specimens. 
Once again, landmark number and directionality were conserved to make this file. A “Slider” file 
delineating the combination of permanent (fixed) and semi-permanent(sliding)  landmarks was 
created using the Tps-Utility program. Landmarks were contained within groups of three; the 
middle of any grouping of three is denoted as a semi-permanent landmark. Within this program, 
“sliders” are signified by an unfilled circle while fixed landmarks are represented by a filled 
circle.  A number of Tps files were created for both the modern and fossil sets of specimens. An 
“Append” file, which connects, or appends, a number of smaller Tps files into one larger Tps 
file, was created within the Tps-Utility program to link together the separated datasets. This 
appended file, which contained all 245 digitized specimens, was then used to perform a relative 
warp analysis. Using the Tps-RelW program, the appended Tps file, along with both the “Link” 
and “Slider” files were input to generate the relative warp analysis.  
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RESULTS 
 For the combined sample of all 245 modern and fossil specimens (Table1), the average 
length was 31.6 µm, with a median of 30.1 µm and a range of 8.8 µm to 143.4 µm (Fig 5.). Mean 
width for all samples was 5 µm, ranging from 1.0 µm to 22.5 µm, and a median value of 4.4 µm. 
The mean length-to-width ratio, L:W, was 8.6 with values ranging from a low of 2.3 to a 
maximum of 76.8. The median value of  the L:W ratio was 6.28. Total length of the dorsal 
margin averaged 41.3 µm for all specimens, with a median value of 33.1 µm, and a range of 11.2 
µm to 153 µm. The mean length of the ventral margin was 39.1 µm, with values ranging from 
9.3 to 147.7 µm. Median length of the ventral margin was found to be 31.3 um. Striae density per 
10 µm ranged from 7 to 55. Median and mean striae density were both recorded as 20 striae per 
10 µm. A frequency diagram showing all specimens (Fig.6) compares the D:V ratio of modern 
and fossil specimens.  
For the modern taxa, a total of 109 specimens (Table 2), attributed to 59 species spanning 
several varieties, were included within the dataset (Patrick and Reimer 1966; Siver and Hamilton 
2011). Mean valve length was 47.4 µm, ranged from 8.8 µm to 143.4 µm and a median frustule 
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length was 38.6 µm. Modern samples displayed a range of width between 1.0 µm and 22.5 µm, 
with a median value of 4.4 µm. Average frustule width was recorded at 5.9 µm. Length to width 
ratio, which compared the total length of the frustule against the width at the valve midpoint, was 
found to average 10.8, with a median value of 6.9, and ranged from 2.3 to 76.8. Mean striae 
density per 10 µm was 19 with a median value of 17, and a range of 7 to 55 striae per 10 µm. 
Median length along the dorsal margin was 52.8 µm. The median dorsal length 43.2 µm and this 
measure ranged from 11.2 µm and 153.7 µm. Median length along the ventral margin was 39.9 
µm with an average length of 49.6 µm, and a range from 9.3 µm to 143.7 µm in length. Mean 
values for the ratio between dorsal and ventral length, the D:V measure, averaged 1.1 with a 
median value of 1.04. Values for the D:V ratio ranged between 1.0 and 1.5. The ratio comparing 
the length along the dorsal margin and the length of the valve, or D:L ratio, averaged 1.1 with a 
range of values between 0.9 and 1.6 with the median value reported at 1.1. The ratio of the total 
length about the ventral margin compared to the length of the frustule, or V:L ratio, averaged 1.1 
with a median value of 1.0. Values for this measure ranged from 0.9 to 1.2. A frequency 
diagrams for modern samples (Fig.7) compares the following characteristics: length, width, L:W 
ratio and average striae density per 10 µm.    
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Fossil taxa represented 136 specimens within the dataset (Table 3). Mean length of the 
valve was 29.7 µm with a median value of 27.3 µm. Values of total length ranged from 12.1 µm 
to 78.9 µm. The mean width at the midpoint of the frustule was 4.3 µm and ranged from 2.5 µm 
to 5.6 µm. Median width of the fossil taxa was 6.1 µm. The ratio comparing length to width of 
the frustule ranged from 2.8 µm to 18.4 µm, with mean and median values of 6.9 µm and 6.1 µm, 
respectively. Striae density per 10 µm, averaged 21 striae per 10 µm. Striae density ranged from 
8 to 29 per 10 µm and the with median striae density was 21 per 10 µm. Mean dorsal length was 
32 µm, with a median value of 29.8 µm. Dorsal length ranged from 13.7 µm to 81.7 µm. Mean 
length of the ventral margin was 30.8 µm, with a median value of 28.2 µm.  The ventral margin 
ranged between from 13.3 µm to 80.6 µm in length. The measure comparing the dorsal and 
ventral margins, the D:V ratio, for fossil specimens averaged 1.04, with a median value of 1.04 
within a range of 0.95 to 1.14. Comparisons between the total length of the dorsal margin and the 
total frustule length , the D:L ratio, averaged 1.1 with a range of 0.2 to 1.2 and a median value of 
1.08. The ratio comparing ventral margin length with frustule length exhibited a range of values 
from 0.14 to 1.10. Mean and median values were recorded at 1.00 and 0.96, respectively. A 
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frequency diagram (Fig.8) compares the following characteristics for fossil specimens: length, 
width, striae density per 10 µm and L:W ratio . 
Specimens were examined  using statistical analyses including linear regressions(Table 4) 
comparing length measurements using transformed and untransformed and one way 
ANOVA(Table 5).  Multivariate analyses through ANOVA demonstrated significant differences 
between modern and fossil specimens for the following: valve length, striae density, ventral 
length, dorsal length, and dorsal-to- valve length, or D:L ratio,  (p<0.001) and ventral length-to-
valve length, or V:L ratio, (p=0.002).  An ANOVA did not find significant differences between 
modern and fossil groups when comparing width, dorsal length-to-ventral length ratio, or D:V 
ratio, and valve length-to- valve width, or L:W ratio. A linear regression for modern samples 
comparing length against width based on a log10 transformation yielded a significant relationship 
( p <0.001 ), but with an R2 value of 0.2.  A similar significant relationship between length and 
width (p<0.001) with an R2 of 0.2 was found for the fossil dataset.  
The consensus shape generated by the relative warp analysis (Fig. 9) is the “average” of 
the Procrustes distances across all 245 specimens and represents the mean values for the 
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specimens. It is characterized by a slight semilunate appearance, analogous to the shape of a 
banana. Dorsal and ventral modification is nonexistent; The ventral margin remains nearly 
straight, with the dorsal margin exhibiting a stronger concave bow than the ventral portion.  
Valve apices are full, without recurvature. As a whole, the first and second axis of the relative 
warp analysis displays is confined along the right half of the graph, which expands as one move 
to the left side. Within the center of the graph, the consensus shape is heavily represented. 
Outliers are apparent on both sides of the graph (Fig. 10), however the left side of the graph is 
less constrained in outlying values than the right. From the consensus shape within the center of 
the graph, if we approach the right side of the graph we see a marked increase in length and 
decrease in width, corresponding to an increased L:W ratio while the D: V ratio stays roughly 
constant. As we approach the left side of the graph, we see an increase in D:V ratio, with a 
developing dorsal margin featuring increasing ornamentation,  as well as an increase in length 
and width, however this increase in width is markedly less than the right side.  
 Specifically, the changes about the primary and secondary axis of the graph display an 
array of gradual morphological changes. When progressing about the Y axis of the graph, from 
the very top of the graph to bottom we see a narrowing of the valve as width decreases. An 
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increased concavity is approached especially from the midpoint of the graph approaching the 
farthest extent of the Y axis. Dorsal ornamentation become more readily apparent as a single 
undulation gives way to two pronounced hump. Apices of the valve become increasing narrowed 
and elongated as the length of the dorsal margin increases with a decreasing ventral margin 
length. When examining the X axis we see an increase in length with a corresponding decrease 
in width when beginning at the left side of the graph and approach the right side. An increase in 
both dorsal length and ventral length is seen as the valves become increasingly elongated, losing 
their dorsal modifications in favor of a flattening of the valve as whole. Marked narrowing of the 
valve is apparent, with apices appearing increasingly bulbous and distended when compared the 
remainder of the valve. We can that within the relative warp analysis; species with relatively 
similar ranges of morphologies are often grouped together within the same shape space (Fig.11). 
The highly elongated forms with high L:W ratios are often confined to one area of shape space, 
as are the species with highly modified dorsal and ventral margins. These two area within the 
space shape are most often represented by modern specimens as opposed to the fossil specimens, 
which often are constrained within the immediate area of the consensus shape (Fig.12). 
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A linear regression using transformed data for all specimens compared the logarithm of 
the length to width ratio( L:W) against the scores about first axis of the relative warp 
analysis(Fig.13). An R value was found to be 0.837, with a R2 of 0.701. This relationship was 
highly significant (p <0.001).  A linear regression of all specimens (n=245) comparing the width 
against the scores about the first axis of the relative warp analysis showed a significant 
difference (p<0.001). R value was found to be 0.334 and R squares value was observed at 0.112. 
A regression analysis comparing the scores about the primary axis of the relative warp analysis 
with the transformed dorsal to ventral ratio (D:V) for all specimens (Fig.14) was significant 
(p<0.001, n=245).  R values were recorded at 0.558 with an R2 value of 0.312. A linear 
regression comparing the dorsal length for all specimens against the first axis scores of the 
relative warp analysis was shown to be significant (p<0.001; R=0.339; R2 = 0.115). Similarly, 
the ventral length for all specimens when compared against the scores of the first axis of the 
relative warp analysis was shown to be significant (p<0.001; R=0.407; R2=0.166).  
 A linear regression comparing the valve length of all specimens against the second axis 
scores of the relative warp analysis yielded significant results ( p<0.001; R2=0.0787; R=.354). A 
similar comparison with width also yielded a significant result (p<0.001; R2=0.125; R=0.354). 
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Additional significant results for variables compared to second axis scores of the relative warp 
analysis were: Log10 D:V (p<0.001; R2=0.296; R=0.544)(Fig 15), Dorsal length(p<0.001; 
R2=0.115; R=0.339) and ventral length (p<0.001; R2=0.0796; R=0.282).  
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DISCUSSION 
As can be seen within the relative warp analysis (Fig.11), the shapes of Eunotia species vary 
greatly throughout the genus (Krammer and Lange-Bertalot, 1991). The majority of the species 
displays the semi-lunate banana shape that is the hallmark of Eunotia. A slope curvature of the 
dorsal margin often contrasts the concavity of the ventral margin. This common shape is found in 
numerous habitats and geographic localities and represents the basic attached form of the genus 
(Wetzel et al.,2011). Thus, it is not surprising that the consensus shape was similar to these 
typical Eunotia taxa. The large group of specimens surrounding the consensus shape on the 
ordination plot all has the same basic shape as the consensus but with slight variations. Where 
the apices become more narrow or re-curved, or the dorsal margin becomes more pronounced, 
the general consensus shape is conserved. The site of fossil specimens from the Eocene is largely 
contained within this larger group indication a general shape close to that of the overall 
consensus shape (Fig. 11B).  
Specimens close to the margins of the relative warp plot display shapes that diverge from 
the consensus shape, especially in the development of the dorsal margin. Specimens such as E. 
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serra and E.yanomami still maintain a sense of the general consensus shape yet feature ornately 
sculpted dorsal margins. Highly modified shape of the dorsal margin is clearly a trend within 
Eunotia. In addition, other species are modified to maximize either length (Fig.5) or width, 
resulting in L:W extremes (Fig.13). Eunotia flexuosa var. eurycephala (specimen number 2) 
exhibits a L:W ratio of 76.8, making it an outlier when comparing the L:W ratios against the 
scores of the first axis of the relative warp analysis, yet when considering the D:V ratio, we 
observe a value close to the median of 0.99. Species with similar measures include E. naegli, E. 
femiforime and E.romanowi, each corresponding to the specimen numbers 220 and 221, 218 and 
232 and 232, respectively (Table 1). Interestingly, all of the specimens with high L:W ratios and 
corresponding D:V rations near 1 that represent long needle-like shapes are modern species. 
These extremes are not present in the Giraffe core.  Despite the modern outliers, the dorsal to 
ventral ratio (Fig.6) did not statistically differ between modern and fossil specimens (P = 0.08), 
although a much larger range of values was recorded for the modern sample (Table 2). 
 The nature of the TPS software enables exploration of shape space not represented by 
species included in the analysis. Within the analysis, there are shape spaces occupied by the 
modern or fossil specimens. In addition, there are larger, continuous and unoccupied spaces that 
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can be explored within the constraints of the plot. This empty space in between the specimen 
points, comprising the large majority of the graph, is populated by scores, from the previously 
mentioned Procrustes distances, that when further investigated lead to a surprising array of 
hypothetical valve shapes. Additionally, when axes are compared we can see the amounts of 
variation explained by each; In this way, the analysis can be used to examine changes within 
valve shape as one progresses through the multiple axes of the relative warp analysis. In this 
study, focus was upon axes 1 and 2 of the relative warp analysis.  
Examining axis 1 of the relative warp analysis, we can determine that Axis 1 accounts for 
most of the variation in shape for the set of samples.  Striking changes are seen about the Y axis 
attributed to the first relative warp axis. We generally observed, from top to bottom, a pinching, 
and narrowing, of the apices of the valve, decreasing ventral margin length while simultaneously 
increasing the length of the dorsal margin as undulations become more apparent (Fig 10B). 
Log10 transformations of the L:W ratio (Fig.13) and D:V ratio (Fig.14) compared against the 
scores about the first axis of the relative warp were shown to be significant and thusly, 
explaining much of the variance along this axis when comparing this axis against the second and 
third axes  (Table 4). 
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Upon examination of the second axis of the relative warp analysis, significant results 
were found when comparing untransformed length and width. However, the low r squared values 
suggest a weak relationship between them with values of 0.787 and 0.125 for length and width, 
respectively (Table 4).  Qualitatively we can see this as we progress from left to right within the 
relative warp analysis, examining the shapespace (Fig. 10B). As we progress from left to right 
across the x axis, i.e. relative warp axis 2, of the shape space, we generally see a gradual 
decrease in width along with a gentle recurvature back towards the dorsal margin; We view this 
as a gradual decrease in dorsal to ventral ratio while simultaneously increasing the L:W ratio(Fig 
15). Overall, the second axis explains less variance than the first axis and more than the third 
axis. 
 One conclusion of this study is that modern samples are more varied and, in fact, 
encompass the less varied, more constrained fossil specimens. That is, the modern flora is much 
more diverse in regards to valve shape than that found in the middle Eocene. There are both 
simpler as well as more complex shapes that most likely reflect competitive advantages in 
specific habitats. The first and second axes of the relative warp analysis explained 87 % of the 
total variation in shape. This is exceptionally high considering that the landmarks contain 80-
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dimensional space. There are clusters of taxa that define specific regions of the shape space and 
most likely represent adaptations distinct to types of habitats. For example, shapes corresponding 
to specimens 1, 2, 213, 214, and 218, represent taxa that are planktonic in form. These specimens 
are alike in a number of characteristics including an increased length, a reduced valve width 
leading and a correspondingly high L:W ratio. These specimens often appear nearly identical 
about the dorsal and ventral margins (Fig.12), as opposed to the consensus view (Fig. 9) that’s 
embodies a typical Eunotia morphology, highlighted with a distinct concave dorsal margin. 
Inspection of these species shapes using scanning electron microscopy shows that they all 
possess highly reduced raphes measuring only several microns in length and are likely 
nonfunctional.  If it were not for the presence of the raphe on the ventral margins of the valve, it 
would be extremely difficult to identify these specimens as Eunotia, as they bear more 
resemblance to Fragilaria and Asterionella species. Indeed, the reduced raphes of these 
specimens would lend them well to a planktonic lifestyle. With a reduced raphe comes reduced 
ability to move. Were these reduced raphes to attach the organism to a substrate, their ability to 
move such a large specimen would be in question. With the aforementioned lack of curvature, 
and the long straight ventral surface, the amount of drag along the substrate would be significant 
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and most likely prohibit movement. On the other hand, the long and skinny appearance, and 
large L:W ratio,  lends to an increased surface area-to volume ratio thus increasing their 
buoyancy allowing them to remain suspended easier in the water column.  
Specimens with a more distinct shape resemblance to the consensus shape (Fig. 12) have 
a lower L:W ratio, a slight decrease in length, and, an increase in width. These specimens, 
situated near the center of the ordination plot have a larger dorsal length to ventral length ratio 
and a more concave ventral surface. Here, attachment and movement along the substrate is 
enhanced as a result of more prominent raphes coupled with a more concave ventral surface. The 
total drag along the substrate allow for more freedom of movement. Most of the valve shapes 
further to the left on the ordination plot also have concave ventral margins, coupled with large 
raphes, optimal for movement along a surface. However, in this region of the plot the species 
form more elaborate dorsal margins, especially ones with multiple undulations. These highly 
modified dorsal margins would not enhance movement and the advantage gained from them is 
not known. It could be that the undulations increase surface area for photosynthetic activity 
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Valve morphology within this study is heavily biased towards species found in the 
Northern Hemisphere, and in particular, North American and Europe (Patrick and Reimer ,1966; 
Siver and Hamilton, 2011). Despite the geographic limitations, the study still contains 109 
modern species many of which are found widely around the world and represent shape extremes. 
As a result, the consensus shape, which was similar for fossil specimens as well, is a good 
depiction of the most common shape for the genus Eunotia. Although the addition of more 
varied shapes from different locations would yield a more complete picture of the total shape 
space of the genus, the consensus shape would most likely remain similar. That said, a future 
goal of this study is to add more modern species from the Siver and Hamilton (2011), and in 
particular from South America (Wetzel et al., 2010; Wetzel et al., 2012 ). There is a distinctive 
endemic element to the genus Eunotia in South America that contains some very elaborately 
shaped species (Metzeltin and Lange-Bertalot, 2007, Fuhrmann et al., 2013). These shapes will 
undoubtedly expand the general shape space for the genus, but likely all in directions about the 
current consensus shape. Expanding upon regional data, along with environmental and 
ecological information, one could further explore the relationship between environmental 
variability as it pertains to valve shape.  
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 Although relationships suggesting evolution of shape in Eunotia may be evident within 
the relative warp of modern and fossil taxa, these relationships would need to be explored 
through phylogenic analysis, incorporating molecular data along with information regarding the 
geological record for fossil specimens. Nonetheless, the analysis presented here can be used to 
formulate additional hypotheses regarding evolution of shape within the genus Eunotia. First, the 
basic consensus shape may represent the initial form evolved for the genus and that shape would 
predate the Eocene in the fossil record. Second, more elaborate shapes evolved later and since 
the Eocene. Third, although as a whole Eunotia is characterized worldwide as an attached genus, 
some species have more recently become highly modified and adapted for life in planktonic 
environments. All of these hypotheses can be tested with appropriate phylogenetic studies linked 
to geological time.  
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CONCLUSION 
Through our investigation of the Eunotia genus we’ve shown that valve shape throughout 
the genus has indeed changed; from the simplicity exhibited during the Eocene to modern 
samples, which feature both simple and ornate specimens alike. Modern samples are noted for 
their highly modified dorsal margins and distinctive ventral curvature as well as their extremes in 
length and corresponding slenderness. Fossil specimens do not appear adorned with undulations 
along the dorsal margin. There are limited modifications along both the dorsal and ventral 
margins and a lack of ventral curvature. Fossil species possessing highly modified margins may 
have yet to evolve or, may have evolved but have yet to be uncovered. However, within the 
Giraffe pipe locality we estimate numerous species within Eunotioid forms belonging to the 
genera Actinella and Eunotia. This locality represents the oldest known specimens of Eunotia 
and, upon comparison with modern samples, shows that the basic features of the genus were 
already established 40 million years ago. Despite the differences in modern and fossil species, 
we can see that the changes resulting in shape variation were similar for both. 
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Figure 1. Axes and Planes of symmetry about a pennate diatom. This sketch concerns the axes 
and planes of symmetry as they are often described within pennate diatoms.  Pervalver axis is 
denoted as a-a; Apical axis, b-b; Transverse axis, c-c; Planes are described as valvar, d-d; apical, 
e-e; transapical, f-f. Adapted from Patrick and Reimer, 1966 
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Figure 2. Superficial Frustule Structures 
The diatom frustule contains the epivalve (E) with corresponding epicingulum (EC) superior to 
the hypovalve(H) and hypocingulum. Collectively, both the epicingulum (EC) and hypocingulum 
(HC) form the cingula which are often called the girdle bands (GB). The raphe(R) appears on the 
valve face, as do the bands of striae(S).Adapted from Round et al. 1990. 
GB 
R 
S 
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Figure 3. Procrustes distances surrounding landmark 1 aide in determining a centroid point. In 
general, these distances  associated with each landmark, compare all specimens within a sample, 
for that specific landmark, to the centroid of that particular landmark. Larger Procrustes 
distances indicate a larger variance from the mean while smaller distances indicate a closer 
relationship.  
Landmark 1
Centroid (blue) 
Procrustes distance 
For specimen A 
A 
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Figure 4. Permanent landmarks digitized within a counterclockwise direction noting the 
midpoints of the dorsal and ventral margin, 24 and 67 respectively, as well as the apices, 1 and 
47, of the valve where the dorsal and ventral margins came into contact.  
1 
24 
67 
47 
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Figure 5. Frequency diagram of the length in microns (µm) for all modern and fossil specimens 
(n=245). 
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Figure 6. Frequency diagram  showing the untransformed  ratio of dorsal length to ventral length, 
or D:V ratio, for all specimens (n=245).  
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Figure 7. Frequency diagram s showing distributions of length, width, length to width (L:W) 
ratio and average striae density per 10 µm for  modern specimens (n=109).  
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Figure 8. Frequency diagram s showing distributions of length, width, length to width (L:W) 
ratio and average striae density per 10 µm for fossil specimens (n=136). 
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Figure 9. The consensus shape of  Eunotia based upon the relative warp analysis using all 
specimens, modern and fossil (n=245).  All 80 landmarks represented on the consensus shape are 
the centroids for their respective landmark from the combined Procrustes distances of all 
specimens.  
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Figure 10A. The results of the relative warp analysis along the primary and secondary axes. 
Specimens are identified by their numbers used within the analysis. There are a total of 245 
specimens ordered sequentially. Modern samples are designated 1-66; 203-245. Fossil specimens 
are designated 67-202.  
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Figure 10B.  The results of the relative warp analysis along the primary and secondary axes. 
Specimens are identified by their numbers used within the analysis. There are a total of 245 
specimens ordered sequentially. Modern samples are designated 1-66; 203-245. Fossil specimens 
are designated 67-202. Size declinations displaying the changes in valve shape as the respective 
axes are traversed. A-H are outlying data points within the analysis and directly correspond with 
the graphical inlay detailing valve shapes.  
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Figure 11. Results of the relative warp analysis. A. The relative warp analysis is reported using 
the primary and secondary axes. Modern samples (n=109) are in red and fossil samples (n=136) 
are in blue. B. The primary and secondary axes of the relative warp analysis with modern 
samples (n=109) in black circles and fossil samples (n=136) in white circles with axes displayed. 
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Figure 12. A size declination series demonstrating valve shape within modern and fossil Eunotia 
specimens. Specimens are identified with their corresponding number used in analysis; Fossils 
specimens in blue and modern specimens are in red. Modern specimens include Eunotia 
femoriforme (217), E. naegelii (220), E. romanowi (232), E. serra (236), E. bilunaris(206), E. 
yanomami (242), E. croatana (214) and E. praerupta var. monodon f. polaris (227); Fossil 
specimens do not have species names and are original to this study. Modern specimens were 
adapted from Siver and Hamilton (2011).  
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Figure 13. A linear regression of all specimens comparing their Log10 transformed vales of 
length to width (L:W) ratio against the scores of the first axis within the relative warp analysis 
(R=0.837; r2=0.701; p<0.001;n=245). 
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Figure 14. A linear regression using the Log10 transformation of the dorsal length to ventral 
length, or D:V, ratio of all specimens compared against the scores along the first axis of the 
relative warp analysis (r=0.558; r2=0.312; p<0.001; n=245).  
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Figure 15. A linear regression displaying the Log10 transformation of the dorsal length to ventral 
length, or D:V, ratio of all specimens compared against the scores along the second axis of the 
relative warp analysis (r=0.544; r2=0.296; p<0.001; n=245).  
Relative Warp Axis 2
-0.15 -0.10 -0.05 0.00 0.05 0.10
Lo
g 
D
:V
-0.05
0.00
0.05
0.10
0.15
0.20
r2=0.3 
58
TPS 
Analysis 
Number
Species Length Width L:W Ratio (D/V)
Ratio 
(D/L)
Ratio 
(V/L)
Average 
Striae 
Density
Dorsal 
Measurement
Ventral 
Measurement Rel W #1 Rel W #2 Rel W #3
1  flexuosa 135.06 4.83 27.99 1.00 1.02 1.02 17.00 137.56 137.29 1.52E-01 1.86E-02 -7.99E-03
2  flexuosa var. eurycephala 131.30 1.71 76.78 0.99 1.02 1.03 16.00 134.25 135.34 1.78E-01 1.40E-02 -3.90E-02
3 glacialis 59.32 3.85 15.41 1.01 1.04 1.02 12.00 61.53 60.73 1.05E-01 -1.18E-02 1.73E-03
4 curvata 58.03 4.41 13.15 1.04 1.06 1.02 16.00 61.40 59.20 8.36E-02 -4.02E-02 1.46E-02
5 curvata var. capitata 108.77 5.35 20.35 1.01 1.03 1.02 15.00 112.38 111.11 1.30E-01 6.26E-03 9.76E-04
6 naegelii 125.92 4.00 31.48 1.01 0.88 0.87 17.00 110.38 109.68 1.52E-01 -1.92E-02 -1.10E-02
7 formica 118.27 6.53 18.11 1.01 1.06 1.06 10.00 125.46 124.82 1.18E-01 1.41E-02 -2.09E-02
8 tautoniensis 123.60 6.32 19.55 1.00 1.04 1.04 13.00 128.02 128.27 1.21E-01 -3.59E-03 -2.01E-02
9 rostellata 44.63 4.67 9.56 1.07 1.10 1.04 15.00 49.28 46.20 3.63E-02 -6.17E-02 -3.79E-03
10 lapponica 48.67 5.50 8.85 1.04 1.08 1.04 19.00 52.55 50.67 4.35E-02 1.96E-02 -6.52E-03
11 valida 85.02 6.50 13.08 1.01 1.04 1.03 13.00 88.33 87.79 7.96E-02 1.25E-02 3.63E-03
12 parallela 80.42 5.81 13.83 1.02 1.06 1.04 12.00 85.25 83.89 7.60E-02 -5.98E-03 1.48E-02
13 praerupta var. bidens 62.33 10.77 5.78 1.06 1.14 1.08 10.00 71.22 67.28 -2.80E-02 1.80E-03 -2.50E-02
14 praerupta 56.86 14.08 4.04 1.04 1.16 1.11 10.00 66.08 63.25 -9.53E-02 8.33E-03 -2.30E-02
15 praerupta var.inflata 50.18 14.57 3.45 1.03 1.19 1.15 7.00 59.57 57.57 -1.49E-01 -2.45E-02 -3.14E-02
16 clevei 113.75 22.54 5.05 1.09 1.17 1.07 15.00 132.70 121.28 -5.54E-02 -9.09E-02 9.40E-03
17 indica 82.23 13.51 6.09 1.06 1.10 1.04 12.00 90.63 85.65 -7.59E-03 -2.37E-03 -1.54E-02
18 luna 78.64 11.80 6.67 1.10 1.16 1.06 9.00 91.59 83.60 -3.06E-02 -6.79E-02 7.70E-03
19 maior var. ventricosa 107.13 11.53 9.29 0.99 1.07 1.09 10.00 114.77 116.36 1.02E-02 3.49E-02 4.38E-02
20 maior   143.40 13.56 10.58 1.04 1.07 1.03 11.00 153.70 147.68 6.07E-02 -3.41E-03 3.72E-03
21 monodon 53.06 10.76 4.93 1.08 1.12 1.04 10.00 59.65 55.16 -6.48E-02 -8.73E-03 2.07E-02
22 monodon var. constricta 95.74 11.80 8.11 1.08 1.16 1.07 11.00 111.17 102.84 -2.70E-02 -4.75E-02 3.42E-03
23 zygodon 92.03 18.28 5.03 1.16 1.22 1.06 13.00 112.30 97.12 -1.30E-01 -2.36E-02 4.00E-02
24 suecica 39.84 10.27 3.88 1.32 1.39 1.06 12.00 55.39 42.10 -2.05E-01 -2.32E-02 -8.30E-03
25 triodon 63.64 18.76 3.39 1.21 1.32 1.09 15.00 84.05 69.38 -1.74E-01 -4.62E-02 4.97E-03
26 serra 90.63 13.12 6.91 1.26 1.30 1.03 11.00 117.92 93.44 -1.39E-02 -3.12E-02 9.99E-03
27 serra var. diadema 44.29 13.88 3.19 1.34 1.52 1.13 13.00 67.15 49.96 -2.40E-01 -1.27E-01 1.66E-04
28 obesa var. wardii 62.86 11.43 5.50 1.47 1.59 1.08 13.00 100.21 68.00 -1.77E-01 -1.11E-01 2.94E-02
29 bidentula 35.31 5.10 6.92 1.12 1.16 1.03 17.00 41.06 36.52 -2.60E-02 2.17E-02 4.25E-02
30 hexaglyphis 53.69 7.76 6.92 1.10 1.14 1.04 14.00 61.26 55.90 -4.62E-03 -1.36E-03 1.11E-02
31 diodon 59.58 10.83 5.50 1.08 1.15 1.07 11.00 68.74 63.75 -6.52E-02 1.17E-03 2.33E-02
32 perctinalis FL 77.71 7.50 10.36 1.02 1.05 1.03 10.00 81.57 79.74 8.03E-02 3.00E-02 1.47E-02
33 pectinal var. ventricosa 81.05 7.71 10.51 1.03 1.06 1.03 10.00 86.05 83.51 7.79E-02 -1.31E-03 2.11E-02
34 pectinalis CT 73.34 5.83 12.57 1.03 1.04 1.02 10.00 76.47 74.60 9.18E-02 3.06E-02 2.27E-03
35 perctinalis var. undulata 58.55 6.67 8.78 1.04 1.07 1.03 10.00 62.70 60.30 5.65E-02 1.95E-02 3.65E-02
36 pectinalis var. recta 19.17 2.95 6.49 1.06 1.09 1.03 17.00 20.88 19.72 -2.61E-02 2.40E-02 4.68E-02
37 pectinalis var.minor PA 39.17 5.83 6.72 1.07 1.09 1.02 15.00 42.67 39.89 1.06E-04 3.05E-02 3.48E-02
38 pectinalis var. minor England 26.70 4.20 6.35 1.10 1.13 1.03 15.00 30.30 27.57 -2.83E-02 2.85E-02 5.31E-02
39 soleirolii 36.49 3.93 9.28 1.00 1.06 1.05 13.00 38.55 38.40 3.64E-02 1.00E-02 3.65E-02
40 sudetica 23.93 5.04 4.75 1.02 1.09 1.07 15.00 26.19 25.65 -6.90E-02 5.61E-03 4.10E-02
41 incisa 30.32 4.91 6.17 1.04 1.07 1.03 15.00 32.45 31.31 1.78E-04 -1.40E-03 8.83E-04
42 carolina 31.50 6.67 4.73 1.08 1.12 1.03 14.00 35.18 32.55 -3.15E-02 4.05E-03 4.95E-03
43 tenella 25.17 4.41 5.71 1.04 1.11 1.06 15.00 27.84 26.74 -2.86E-02 2.02E-02 2.22E-02
44 vanheurckii 34.49 9.57 3.60 1.12 1.19 1.06 16.00 41.05 36.58 -1.40E-01 -1.56E-02 -3.22E-02
45 vanheurckii var. intermedia 17.79 4.91 3.62 1.08 1.15 1.07 15.00 20.45 19.00 -1.33E-01 1.18E-02 -1.42E-02
46 elegans 30.34 2.59 11.73 1.02 1.10 1.08 21.00 33.25 32.76 4.73E-02 -7.45E-02 3.50E-02
47 septentrionalis 19.75 5.00 3.95 1.10 1.22 1.11 18.00 24.03 21.85 -1.32E-01 -4.56E-02 1.27E-03
48 arcus 39.15 5.90 6.64 1.05 1.12 1.07 13.00 43.73 41.74 1.27E-02 -4.23E-03 -1.28E-02
49 arcus var. bidens 54.41 5.76 9.45 1.10 1.13 1.03 13.00 61.55 56.11 4.22E-02 -2.45E-03 -7.38E-03
50 arcus var. uncinata 51.94 5.46 9.50 1.09 1.11 1.02 11.00 57.82 53.21 4.87E-02 -6.58E-03 1.11E-02
51 arcus var. fallax 14.06 3.03 4.63 1.06 1.16 1.10 9.00 16.36 15.41 -8.42E-02 2.24E-02 2.94E-02
52 fallax 26.34 3.48 7.57 0.98 1.08 1.10 16.00 28.37 28.98 3.55E-02 5.44E-02 -6.06E-03
53 nymanniana 26.08 3.42 7.63 0.99 1.10 1.11 20.00 28.59 28.83 2.53E-02 3.89E-02 8.48E-03
54 exigua 17 17.75 2.96 5.99 1.02 1.14 1.12 23.00 20.32 19.91 -3.42E-02 -5.85E-04 -5.82E-04
55 exigua 18 14.77 3.06 4.82 0.97 1.15 1.18 23.00 16.94 17.42 -8.37E-02 7.94E-03 -3.24E-03
56 rabenhorstii var. monodon 26.21 5.69 4.61 1.03 1.20 1.17 15.00 31.58 30.72 -1.33E-01 7.22E-02 -1.11E-02
57 gibbosa 32.60 6.18 5.27 1.03 1.16 1.12 11.00 37.88 36.63 -1.46E-01 8.80E-02 -1.02E-02
58 meisteri 11.73 3.50 3.35 1.08 1.25 1.17 21.00 14.71 13.67 -1.48E-01 2.40E-02 -1.74E-02
59 microcephala 9.68 2.52 3.84 1.05 1.16 1.11 20.00 11.24 10.75 -8.92E-02 6.02E-02 2.86E-03
60 trinacria 15.58 3.19 4.88 1.04 1.08 1.04 24.00 16.88 16.26 -3.16E-02 2.46E-02 1.98E-02
61 trinacria var.undulata 14.03 2.48 5.66 1.06 1.13 1.07 24.00 15.90 15.03 -8.46E-03 -7.80E-03 2.27E-02
62 perpusilla 15.19 3.27 4.65 1.06 1.18 1.11 18.00 17.96 16.92 -9.86E-02 -7.81E-03 1.41E-02
63 perminuta WY 15.59 3.52 4.43 1.02 1.14 1.12 17.00 17.80 17.53 -9.04E-02 7.80E-02 1.33E-03
64 perminuta MN 11.01 3.88 2.84 1.16 1.28 1.10 17.00 14.08 12.14 -2.18E-01 1.71E-02 8.66E-03
65 bactriana 37.27 5.90 6.32 1.11 1.21 1.09 17.00 45.04 40.48 1.04E-02 -5.06E-02 -5.75E-02
66 quaternaria 28.72 6.36 4.52 1.12 1.25 1.12 12.00 35.98 32.04 -1.03E-01 -8.62E-02 8.26E-05
203 Acicularis 33.80 3.30 10.24 1.02 1.04 1.02 27.00 35.16 34.39 9.89E-02 -6.10E-03 -2.81E-02
204 Bidentula 31.89 4.29 7.43 1.11 1.14 1.03 28.00 36.49 32.87 1.16E-02 -1.05E-02 -1.25E-03
205 Bidentula 20.46 3.56 5.74 1.20 1.25 1.04 26.00 25.54 21.35 -6.04E-02 -1.73E-02 1.01E-02
206 Bilunaris 44.46 3.86 11.51 1.03 1.06 1.03 22.00 47.25 45.95 7.64E-02 -2.95E-02 -9.16E-04
207 Bilunaris 37.47 2.41 15.55 1.04 1.06 1.02 27.00 39.73 38.03 1.00E-01 -3.85E-02 2.74E-03
208 Camelus 15.35 3.93 3.91 1.30 1.33 1.02 20.00 20.47 15.72 -1.52E-01 -1.01E-01 -1.47E-02
209 Camelus 12.97 4.06 3.20 1.34 1.38 1.03 22.00 17.87 13.30 -1.80E-01 -9.49E-02 -4.38E-02
210 Carolina 25.62 3.86 6.64 1.07 1.08 1.02 22.00 27.79 26.01 4.15E-02 -1.47E-02 -2.73E-02
211 Carolina 21.45 3.53 6.07 1.08 1.10 1.01 27.00 23.57 21.76 1.03E-02 -3.55E-03 7.71E-04
212 Carolina 37.69 3.63 10.38 1.03 1.05 1.02 26.00 39.39 38.34 1.65E-01 -4.22E-04 -2.09E-02
213 Croatana 24.49 1.22 20.05 1.01 1.04 1.03 36.00 25.56 25.19 9.94E-02 1.81E-04 -3.42E-02
214 Croatana 24.92 1.06 23.59 1.00 1.02 1.02 36.00 25.53 25.48 1.54E-01 3.09E-02 -9.20E-03
215 Exigua 12.74 2.31 5.51 1.05 1.15 1.09 34.00 14.61 13.89 1.46E-01 3.52E-02 3.13E-03
216 EExigua 10.30 2.28 4.52 1.16 1.21 1.04 18.00 12.43 10.76 -3.54E-02 6.06E-03 -3.44E-02
217 Femoriforme 70.92 2.48 28.65 1.01 1.03 1.03 51.00 73.26 72.85 -8.61E-02 4.76E-03 -1.65E-02
218 Femoriforme 57.69 1.75 32.98 1.00 1.02 1.02 55.00 59.06 58.92 1.56E-01 1.42E-02 -3.22E-02
219 Incisa 16.34 2.77 5.89 1.09 1.10 1.01 25.00 18.04 16.52 1.64E-01 1.84E-02 -2.72E-02
220 Naegelii 70.89 1.88 37.68 1.01 1.02 1.01 33.00 72.37 71.48 -9.18E-03 -3.85E-04 -4.35E-03
221 Naegelii 55.81 1.68 33.16 1.02 1.04 1.02 39.00 57.89 56.83 1.52E-01 -3.69E-02 2.87E-03
222 Pectinalis 40.26 4.49 8.97 1.05 1.07 1.02 15.00 43.18 41.20 6.76E-02 -6.63E-03 -1.85E-02
223 Pectinalis 25.21 4.13 6.11 1.07 1.10 1.03 17.00 27.86 25.93 -1.92E-03 5.36E-03 -1.30E-02
224 Pectinalis 38.61 4.55 8.48 1.03 1.06 1.03 20.00 40.89 39.81 5.62E-02 2.00E-03 -9.17E-03
225 Pectinalis 29.60 4.22 7.01 1.06 1.10 1.04 15.00 32.64 30.66 1.91E-02 1.56E-02 -2.49E-03
Table 1. Raw data collected for all specimens. TPS Analysis Number is unique to each specimen within the analysis and is used to identify specimens (n=245). L:W denotes 
the ratio of the valve length to valve width.  D:V ratio denotes the ratio between dorsal length and ventral length. D:L ratio denotes the ratio of dorsal length to valve length. 
V:L ratio denotes the ration between ventral length and valve length. Scores for relative warp analysis are reported per axis; Rel W#1, RelW#2 and RelW#3 correspond to the 
first, second and third axes of the relative warp analysis, respectively.
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226 PectinalisVARbiarcuata 67.13 4.42 15.18 1.01 1.04 1.02 13.00 69.61 68.68 1.16E-01 1.96E-02 -1.09E-02
227 PraeruptaVARmonodonFpolaris 12.67 5.28 2.40 1.03 1.24 1.20 16.00 15.75 15.23 -2.42E-01 6.10E-02 -5.85E-02
228 Pseudofragilaria 22.08 1.29 17.15 1.00 1.02 1.02 30.00 22.54 22.62 1.49E-01 4.35E-02 2.89E-03
229 Pseudofragilaria 18.09 1.35 13.37 1.00 1.02 1.03 30.00 18.54 18.61 1.35E-01 5.51E-02 2.99E-03
230 Quadra 70.04 7.86 8.91 1.04 1.09 1.04 29.00 76.23 73.00 1.23E-01 -5.38E-02 -1.56E-02
231 Quadra 60.40 3.50 17.27 1.05 1.09 1.03 26.00 65.68 62.29 1.12E-01 -5.84E-02 -8.67E-03
232 Romanowi 60.30 1.09 55.36 1.00 1.01 1.01 28.00 60.68 60.64 1.80E-01 2.26E-02 -2.61E-02
233 Romanowi 47.10 1.02 46.03 1.00 1.01 1.01 28.00 47.40 47.45 1.74E-01 3.31E-02 2.50E-03
234 Serra 36.44 12.15 3.00 1.54 1.58 1.02 14.00 57.44 37.32 -1.74E-01 -7.64E-02 -4.02E-02
235 Serra 29.45 6.80 4.33 1.35 1.42 1.05 28.00 41.68 30.89 -9.47E-02 -4.18E-02 -5.02E-02
236 Serra 51.42 9.04 5.69 1.28 1.36 1.06 11.00 69.82 54.36 -6.65E-02 -6.28E-02 -2.06E-02
237 Species2 12.15 3.70 3.29 1.21 1.24 1.02 29.00 15.09 12.43 -1.29E-01 -2.50E-02 -2.45E-02
238 Subarcuatoides 8.85 3.83 2.31 1.29 1.35 1.05 26.00 11.96 9.28 -2.72E-01 -1.04E-03 -3.98E-02
239 Tauntoniensis 66.21 3.83 17.29 1.02 1.06 1.04 34.00 70.04 68.79 1.31E-01 -2.84E-02 -1.37E-02
240 Tauntoniensis 51.62 3.00 17.20 1.04 1.08 1.04 40.00 55.85 53.80 1.08E-01 -3.54E-02 -1.46E-02
241 Vinculi 24.75 2.81 8.82 1.03 1.08 1.05 25.00 26.65 25.88 5.42E-02 5.36E-03 -4.92E-03
242 Yanomami 71.62 9.90 7.23 1.11 1.13 1.02 20.00 80.78 72.94 -1.50E-04 -7.16E-03 -3.37E-03
243 Yanomami_ 32.81 7.46 4.40 1.16 1.22 1.05 17.00 40.03 34.39 -9.31E-02 -3.86E-02 -2.40E-02
244 Lewisii 33.14 4.29 7.72 1.04 1.07 1.03 24.00 35.38 34.16 3.35E-02 2.62E-02 -4.40E-03
245 Lewisii 43.27 4.03 10.75 1.00 1.04 1.04 26.00 44.98 44.95 7.34E-02 1.75E-02 -3.51E-03
67 Eunotia_145 26.38 5.17 5.10 1.00 1.08 1.08 23.00 28.37 28.44 -3.80E-02 2.84E-02 -2.51E-03
68 Eunotia_146 28.75 3.85 7.48 1.03 1.07 1.04 19.00 30.76 29.79 1.83E-02 -1.64E-02 1.58E-02
69 Eunotia 147 69.09 4.12 16.79 1.04 1.04 1.00 18.00 71.84 69.25 1.02E-01 -1.31E-02 1.66E-02
70 Eunotia_148 19.97 4.02 4.97 1.10 1.12 1.02 19.00 22.39 20.40 -6.77E-02 5.83E-03 3.37E-02
71 Eunotia_149 29.20 5.35 5.46 1.04 1.09 1.05 22.00 31.91 30.72 -2.60E-03 1.32E-02 -2.55E-04
72 Eunotia 150 35.92 4.45 8.07 1.07 1.07 1.00 18.00 38.30 35.82 2.79E-02 -2.29E-02 1.02E-02
73 Eunotia_151 30.06 4.48 6.71 1.04 1.08 1.04 21.00 32.55 31.25 -2.50E-03 6.60E-03 1.76E-02
74 Eunotia_152 23.80 4.73 5.03 1.08 1.11 1.03 21.00 26.51 24.56 -7.00E-02 8.11E-03 1.15E-02
75 Eunotia 153 48.08 4.50 10.69 1.03 1.05 1.02 18.00 50.73 49.28 6.67E-02 -2.58E-02 1.70E-02
76 Eunotia_154 26.66 5.58 4.78 1.02 1.08 1.06 26.00 28.84 28.15 -3.96E-02 2.14E-02 1.43E-03
77 Eunotia_155 30.19 5.20 5.80 1.01 1.06 1.05 20.00 32.03 31.76 -2.27E-03 1.35E-02 -7.25E-03
78 Eunotia 156 21.00 5.00 4.20 1.10 1.06 0.96 21.00 22.20 20.20 -9.92E-02 1.17E-02 -1.32E-02
79 Eunotia_157 78.94 4.52 17.48 1.01 1.04 1.02 16.00 81.74 80.62 1.13E-01 -3.57E-02 2.18E-03
80 Eunotia_158 18.78 4.17 4.50 1.00 1.08 1.08 24.00 20.32 20.25 -7.25E-02 5.98E-02 1.99E-02
81 Eunotia 159 42.38 4.71 9.00 1.04 1.08 1.03 17.00 45.59 43.81 5.14E-02 -2.89E-02 6.09E-03
82 Eunotia_160 28.57 4.62 6.18 1.07 1.09 1.02 18.00 31.25 29.21 -1.41E-02 -8.68E-03 1.75E-02
83 Eunotia_161 22.29 4.44 5.02 1.05 1.10 1.05 23.00 24.50 23.31 -5.98E-03 1.60E-02 3.35E-02
84 Eunotia 162 15.90 4.79 3.32 1.02 1.13 1.10 25.00 17.92 17.52 -1.26E-01 5.47E-02 5.91E-03
85 Eunotia_163 16.54 4.04 4.09 1.02 1.11 1.09 23.00 18.28 18.00 -1.00E-01 3.71E-02 6.99E-03
86 Eunotia_164 36.80 4.98 7.38 1.02 1.06 1.04 21.00 38.95 38.16 3.62E-02 1.40E-02 -1.59E-02
87 Eunotia 165 37.43 4.70 7.97 1.05 1.07 1.02 16.00 40.18 38.12 3.73E-02 -4.08E-02 -5.47E-03
88 Eunotia_166 39.14 4.16 9.42 1.04 1.07 1.02 19.00 41.71 39.95 5.23E-02 -2.20E-02 1.78E-02
89 Eunotia_167 45.83 4.28 10.70 1.05 1.05 1.01 20.00 48.33 46.24 7.07E-02 -1.09E-03 6.71E-03
90 Eunotia 168 46.36 4.45 10.42 1.03 1.05 1.02 19.00 48.68 47.06 7.87E-02 -8.41E-03 1.11E-02
91 Eunotia_169 27.17 5.43 5.01 1.07 1.10 1.02 14.00 29.83 27.78 -3.94E-02 -4.43E-04 -2.33E-03
92 Eunotia_170 20.80 4.08 5.10 1.03 1.09 1.06 25.00 22.68 22.01 -2.91E-02 3.06E-02 -7.34E-05
93 Eunotia 171 40.62 4.16 9.77 1.02 1.04 1.03 16.00 42.43 41.79 6.22E-02 -1.82E-02 4.95E-03
94 Eunotia_172 46.64 4.90 9.52 1.02 1.06 1.04 18.00 49.60 48.47 5.20E-02 -3.69E-02 9.78E-03
95 Eunotia_173 25.57 4.83 5.29 1.04 1.09 1.05 8.00 27.94 26.84 -1.59E-02 1.96E-02 -1.10E-02
96 Eunotia 174 23.23 5.09 4.56 1.03 1.08 1.06 25.00 25.20 24.58 -1.23E-02 1.74E-02 -5.10E-03
97 Eunotia_175 21.99 5.00 4.40 1.06 1.11 1.05 25.00 24.32 23.00 -5.89E-02 2.23E-02 -2.12E-02
98 Eunotia_176 27.52 4.60 5.98 1.06 1.08 1.02 21.00 29.74 28.18 -5.13E-03 3.66E-03 -2.22E-03
99 Eunotia 177 17.46 4.17 4.18 1.03 1.12 1.08 21.00 19.47 18.84 -8.58E-02 4.28E-02 4.03E-03
100 Eunotia_178 29.03 4.83 6.02 1.03 1.08 1.05 23.00 31.43 30.41 3.43E-02 1.60E-02 -1.05E-03
101 Eunotia_179 47.52 3.68 12.92 1.02 1.04 1.01 19.00 49.29 48.23 8.80E-02 7.22E-03 1.66E-02
102 Eunotia 180 19.95 4.20 4.75 1.03 1.08 1.05 25.00 21.59 20.95 -6.68E-02 2.44E-02 1.49E-02
103 Eunotia_181 21.17 4.28 4.94 1.08 1.11 1.03 23.00 23.49 21.74 -3.34E-02 6.02E-02 -1.08E-02
104 Eunotia_182 25.62 3.69 6.94 1.09 1.13 1.03 20.00 28.98 26.51 -1.78E-02 -2.64E-02 2.11E-02
105 Eunotia 183 49.01 4.62 10.61 1.02 1.04 1.02 18.00 50.85 49.75 8.77E-02 1.41E-02 -8.33E-03
106 Eunotia_184 35.41 4.24 8.34 1.03 1.05 1.01 18.00 37.03 35.89 4.61E-02 -3.62E-03 -2.66E-03
107 Eunotia_185 29.92 4.75 6.30 1.06 1.09 1.02 20.00 32.50 30.53 1.88E-04 2.15E-03 3.51E-03
108 Eunotia 186 39.54 4.23 9.35 1.05 1.07 1.02 18.00 42.16 40.32 5.29E-02 -2.58E-02 4.28E-03
109 Eunotia_187 20.91 5.16 4.05 1.00 1.08 1.08 24.00 22.65 22.54 -8.49E-02 5.84E-02 7.20E-03
110 Eunotia_191 20.75 3.69 5.63 1.04 1.09 1.05 23.00 22.66 21.72 -2.67E-02 1.45E-02 6.71E-03
111 Eunotia 192 25.45 4.69 5.43 1.08 1.10 1.03 20.00 28.12 26.10 -4.06E-02 -5.53E-03 -1.70E-03
112 Eunotia_193 18.99 4.34 4.37 1.04 1.10 1.06 26.00 20.89 20.06 -7.79E-02 4.35E-02 2.19E-02
113 Eunotia_194 42.31 4.25 9.97 1.03 1.05 1.02 19.00 44.58 43.23 7.23E-02 -2.38E-02 2.46E-03
114 Eunotia 195 27.34 4.49 6.09 1.02 1.06 1.04 23.00 29.02 28.51 1.47E-02 8.04E-03 -1.48E-02
115 Eunotia_196 18.19 5.55 3.28 1.13 1.17 1.04 20.00 21.25 18.85 -1.34E-01 8.91E-03 -3.23E-02
116 Eunotia_197 41.70 4.12 10.13 1.04 1.05 1.01 18.00 43.79 42.16 7.30E-02 -2.46E-02 8.80E-03
117 Eunotia 198 47.93 4.95 9.69 1.02 1.05 1.02 16.00 50.10 49.06 8.07E-02 -1.41E-02 -3.63E-03
118 Eunotia_199 56.04 4.43 12.66 1.04 1.05 1.01 17.00 58.76 56.54 8.76E-02 -2.41E-02 6.36E-03
119 Eunotia_200 25.19 4.54 5.55 1.04 1.10 1.06 21.00 27.80 26.68 -1.55E-02 2.03E-02 -7.94E-03
120 Eunotia 201 56.64 5.08 11.16 1.03 1.05 1.03 16.00 59.69 58.06 8.70E-02 -4.19E-02 9.85E-04
121 Eunotia_202 18.81 4.50 4.18 1.03 1.11 1.07 20.00 20.83 20.14 -7.53E-02 4.04E-02 -1.41E-02
122 Eunotia_204 38.33 4.20 9.12 1.02 1.05 1.02 19.00 40.07 39.23 5.81E-02 -1.71E-02 3.79E-03
123 Eunotia 207 52.59 5.09 10.34 1.00 1.03 1.03 20.00 53.94 54.04 9.23E-02 1.82E-02 -1.72E-02
124 Eunotia_208 20.71 4.56 4.54 1.05 1.10 1.05 20.00 22.85 21.81 -6.19E-02 1.34E-02 6.66E-04
125 Eunotia_210 32.12 4.82 6.67 1.05 1.09 1.04 19.00 34.89 33.25 2.55E-02 -2.49E-02 1.48E-02
126 Eunotia 211 19.08 3.78 5.05 1.05 1.10 1.05 25.00 21.01 20.10 -3.89E-02 2.23E-02 5.28E-03
127 Eunotia_212 30.38 5.51 5.51 1.01 1.06 1.05 22.00 32.28 32.01 -6.04E-03 2.16E-02 -2.16E-02
128 Eunotia_214 40.72 4.88 8.34 1.05 1.07 1.02 19.00 43.39 41.37 5.08E-02 -2.71E-02 7.71E-03
129 Eunotia 215 31.44 4.52 6.96 1.07 1.08 1.01 19.00 34.00 31.88 1.05E-02 -2.19E-02 9.32E-03
130 Eunotia_216 53.44 5.26 10.17 1.02 1.05 1.02 20.00 56.11 54.76 7.85E-02 -2.93E-02 -1.20E-02
131 Eunotia_218 24.77 4.24 5.84 1.06 1.09 1.03 21.00 26.98 25.44 -4.39E-05 3.63E-03 -2.07E-02
132 Eunotia 219 37.19 4.13 9.00 1.06 1.08 1.02 18.00 40.18 37.98 4.66E-02 -2.91E-02 8.28E-03
133 Eunotia_220 15.26 4.00 3.82 1.04 1.12 1.08 23.00 17.16 16.49 -8.52E-02 4.10E-02 -1.85E-02
134 Eunotia_221 52.69 4.85 10.85 1.03 1.06 1.03 15.00 55.88 54.25 7.06E-02 -4.17E-02 -3.82E-03
135 Eunotia 222 18.87 4.42 4.27 1.02 1.09 1.07 26.00 20.63 20.25 -4.62E-02 2.69E-02 -9.65E-03
136 Eunotia_223 42.66 4.18 10.20 1.04 1.06 1.02 17.00 45.39 43.54 7.12E-02 -2.63E-02 3.57E-04
137 Eunotia_224 30.08 4.65 6.47 1.07 1.10 1.02 19.00 32.98 30.70 -9.40E-04 -2.24E-02 8.75E-03
138 Eunotia 225 27.39 4.38 6.25 1.01 1.06 1.05 23.00 29.06 28.79 3.74E-02 9.64E-03 -2.27E-02
139 Eunotia_226 46.16 4.25 10.86 1.03 1.05 1.02 19.00 48.60 47.11 6.68E-02 -2.36E-02 1.23E-02
140 Eunotia_227 32.16 4.43 7.26 1.05 1.07 1.02 20.00 34.44 32.70 3.03E-02 -1.79E-02 -7.06E-03
141 Eunotia 229 24.01 5.57 4.31 1.10 1.13 1.03 20.00 27.21 24.84 -4.48E-02 2.56E-02 8.04E-03
142 Eunotia_230 19.36 4.57 4.24 1.11 1.13 1.02 20.00 21.79 19.71 -7.92E-02 8.58E-03 -1.13E-03
143 Eunotia_233 35.91 4.31 8.33 1.05 1.07 1.02 19.00 38.53 36.62 3.25E-02 -1.37E-02 9.87E-03
144 Eunotia 234 21.26 4.03 5.27 1.05 1.09 1.04 24.00 23.26 22.10 -3.46E-02 7.14E-03 6.37E-03
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145 Eunotia_236 33.82 4.16 8.12 1.06 1.06 1.00 20.00 35.71 33.70 3.65E-02 -3.23E-02 -4.04E-03
146 Eunotia 237 15.43 4.12 3.74 1.07 1.15 1.08 26.00 17.71 16.61 -8.04E-02 3.43E-02 -1.68E-02
147 Eunotia_239 19.99 4.40 4.55 1.02 1.08 1.06 23.00 21.60 21.19 -3.99E-02 2.41E-02 -1.54E-02
148 Eunotia_240 48.41 4.20 11.52 1.02 1.04 1.02 18.00 50.39 49.44 8.90E-02 -1.71E-02 -9.65E-03
149 Eunotia 241 32.00 4.00 8.00 1.05 1.09 1.04 19.00 34.98 33.20 4.14E-02 -8.16E-05 -4.46E-03
150 Eunotia_242 31.00 4.00 7.75 1.08 1.12 1.03 18.00 34.57 31.91 3.43E-02 -2.87E-02 -2.81E-03
151 Eunotia_244 22.00 4.00 5.50 1.06 1.17 1.11 23.00 25.77 24.42 -5.09E-02 1.94E-02 1.84E-02
152 Eunotia 245 56.00 5.00 11.20 1.04 1.08 1.04 16.00 60.52 58.26 9.41E-02 -2.54E-02 -1.46E-02
153 Eunotia_246 48.00 5.00 9.60 1.07 1.10 1.03 16.00 52.91 49.63 6.20E-02 -4.13E-02 5.76E-04
154 Eunotia_247 23.00 3.50 6.57 1.05 1.10 1.05 24.00 25.39 24.12 -8.15E-03 2.58E-02 5.36E-03
155 Eunotia 251 25.00 4.00 6.25 1.07 1.11 1.04 22.00 27.83 25.94 -9.78E-03 2.96E-02 -8.81E-03
156 Eunotia_87 16.85 3.20 5.27 1.03 1.08 1.05 28.00 18.20 17.74 -3.50E-03 1.66E-02 6.78E-03
157 Eunotia_88 15.69 2.55 6.15 1.05 1.09 1.04 27.00 17.08 16.32 -2.93E-03 8.93E-03 8.99E-03
158 Eunotia 89 18.50 4.44 4.16 1.03 1.11 1.07 25.00 20.47 19.88 -3.79E-02 2.78E-02 -6.77E-03
159 Eunotia_90 34.30 4.69 7.32 1.00 1.04 1.05 19.00 35.73 35.87 3.86E-02 1.79E-02 -2.16E-03
160 Eunotia_91 31.08 5.61 5.54 1.09 1.14 1.05 18.00 35.58 32.57 -4.08E-02 -5.50E-02 4.15E-02
161 Eunotia 92 13.03 3.49 3.73 1.10 1.15 1.05 27.00 15.03 13.69 -7.87E-02 1.37E-02 1.47E-03
162 Eunotia_95 26.41 4.59 5.76 1.10 1.14 1.04 21.00 30.17 27.47 -2.83E-02 -3.99E-02 4.96E-02
163 Eunotia_96 30.61 3.48 8.80 1.03 1.06 1.03 21.00 32.39 31.56 7.09E-02 3.35E-03 6.10E-03
164 Eunotia 97 24.34 4.28 5.68 1.00 1.06 1.06 22.00 25.86 25.76 -6.72E-03 4.16E-02 -5.34E-03
165 Eunotia_98 29.17 4.78 6.10 1.06 1.09 1.03 10.00 31.94 30.15 1.40E-02 -1.95E-02 -2.81E-02
166 Eunotia_99 37.55 2.94 12.77 1.01 1.04 1.03 22.00 39.14 38.64 9.02E-02 -1.43E-03 2.30E-02
167 Eunotia 100 27.29 4.22 6.46 1.01 1.06 1.05 19.00 28.87 28.65 1.63E-02 3.33E-02 -1.27E-02
168 Eunotia_101 22.95 4.10 5.60 1.02 1.07 1.05 23.00 24.52 24.14 -8.85E-03 3.58E-02 -6.22E-03
169 Eunotia_102 45.71 4.27 10.71 0.99 1.03 1.04 20.00 47.15 47.62 7.43E-02 2.70E-02 -2.98E-03
170 Eunotia 103 16.22 2.79 5.82 1.04 1.08 1.04 26.00 17.56 16.82 -1.04E-02 1.18E-02 -1.74E-02
171 Eunotia_104 18.54 3.80 4.88 1.04 1.09 1.05 26.00 20.27 19.47 -5.69E-02 3.77E-02 1.51E-02
172 Eunotia_105 13.25 3.66 3.62 1.06 1.14 1.07 17.00 15.06 14.16 -1.31E-01 -1.53E-03 -1.69E-02
173 Eunotia 106 15.05 3.57 4.21 0.99 1.08 1.09 26.00 16.30 16.43 -6.62E-02 4.43E-02 -8.27E-03
174 Eunotia_108 16.11 3.17 5.07 1.06 1.11 1.05 28.00 17.92 16.94 -2.33E-02 2.49E-02 -8.44E-03
175 Eunotia_110 25.69 4.75 5.40 1.05 1.12 1.06 21.00 28.68 27.25 -2.55E-02 -2.82E-02 1.18E-02
176 Eunotia 111 15.41 2.77 5.57 1.04 1.08 1.04 27.00 16.65 16.05 -1.73E-02 2.59E-02 3.29E-03
177 Eunotia_112 25.62 3.87 6.61 1.04 1.07 1.04 25.00 27.52 26.56 2.96E-02 3.03E-02 -5.96E-04
178 Eunotia_113 39.91 4.56 8.75 1.00 0.97 0.97 23.00 38.65 38.56 6.83E-02 5.33E-03 -1.44E-02
179 Eunotia 114 12.09 4.27 2.83 1.03 1.13 1.10 22.00 13.70 13.26 -1.84E-01 8.20E-02 8.08E-03
180 Eunotia_115 60.81 3.31 18.37 1.01 1.03 1.02 21.00 62.43 61.96 1.30E-01 -1.95E-02 -1.70E-02
181 Eunotia_116 16.95 3.20 5.30 0.95 1.00 1.06 26.00 17.02 17.89 -1.40E-02 3.11E-02 -1.23E-02
182 Eunotia 117 26.45 5.44 4.86 1.11 1.15 1.04 22.00 30.47 27.46 -6.48E-02 -1.27E-02 2.30E-02
183 Eunotia_119 16.73 2.71 6.17 1.02 1.06 1.04 29.00 17.77 17.41 1.73E-02 3.15E-02 7.97E-03
184 Eunotia_120 33.44 4.16 8.05 1.04 1.07 1.03 21.00 35.79 34.57 4.20E-02 3.44E-02 9.84E-03
185 Eunotia 121 18.93 3.01 6.29 1.02 1.07 1.05 29.00 20.20 19.86 3.83E-03 7.62E-03 4.87E-03
186 Eunotia_122 16.99 2.73 6.21 1.04 1.08 1.03 28.00 18.34 17.56 1.34E-02 1.74E-02 -9.58E-03
187 Eunotia_123 17.70 3.84 4.61 1.02 1.08 1.06 24.00 19.16 18.84 -6.96E-02 3.38E-02 2.34E-02
188 Eunotia 125 28.46 5.43 5.24 1.10 1.16 1.05 21.00 33.11 30.00 -3.86E-02 -3.16E-02 2.45E-02
189 Eunotia_126 15.85 2.57 6.17 1.00 1.09 1.09 15.00 17.20 17.28 3.36E-02 -2.76E-03 -1.96E-02
190 Eunotia_128 27.31 3.86 7.07 1.04 1.07 1.03 24.00 29.21 28.07 1.73E-02 2.45E-02 2.02E-02
191 Eunotia 129 16.68 2.86 5.83 1.05 1.10 1.05 29.00 18.37 17.47 -8.20E-03 -1.28E-03 2.28E-03
192 Eunotia_131 28.22 4.33 6.52 1.13 1.17 1.03 21.00 33.06 29.16 -4.04E-02 -2.98E-02 4.58E-02
193 Eunotia_132 27.36 4.48 6.11 1.14 1.18 1.03 20.00 32.32 28.31 -3.10E-02 -5.42E-02 2.32E-02
194 Eunotia 133 16.53 4.26 3.88 1.11 1.19 1.07 17.00 19.63 17.61 -9.60E-02 -2.73E-02 4.70E-03
195 Eunotia_134 20.21 3.30 6.12 1.01 1.06 1.05 29.00 21.47 21.23 8.19E-03 3.02E-02 3.58E-03
196 Eunotia_136 33.33 4.98 6.69 1.05 1.08 1.03 11.00 35.87 34.26 3.92E-02 -7.62E-03 -1.97E-02
197 Eunotia 137 29.41 5.21 5.64 1.08 1.15 1.07 19.00 33.87 31.33 -7.08E-02 -5.29E-02 2.38E-02
198 Eunotia_140 25.30 3.84 6.59 1.00 1.05 1.04 20.00 26.45 26.43 1.28E-02 3.06E-02 8.66E-03
199 Eunotia_141 39.14 4.56 8.59 1.02 1.06 1.04 21.00 41.42 40.78 4.84E-02 1.11E-02 -6.11E-03
200 Eunotia 142 17.41 2.90 6.01 1.01 1.08 1.07 24.00 18.78 18.58 2.64E-02 4.06E-02 -1.53E-03
201 Eunotia_143 16.10 2.72 5.92 1.05 1.08 1.03 22.00 17.43 16.57 -1.57E-02 1.17E-02 2.33E-02
202 Eunotia_144 34.05 5.18 6.57 1.06 1.10 1.03 8.00 37.31 35.10 2.94E-02 -1.63E-03 -1.57E-02
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TPS 
Analysis 
Number
Species Length Width L:W Ratio (D/V)
Ratio 
(D/L)
Ratio 
(V/L)
Average 
Striae 
Density
Dorsal 
Measurement
Ventral 
Measurement Rel W #1 Rel W #2 Rel W #3
1  flexuosa 135.06 4.83 27.99 1.00 1.02 1.02 17.00 137.56 137.29 1.52E-01 1.86E-02 -7.99E-03
2  flexuosa var. eurycephala 131.30 1.71 76.78 0.99 1.02 1.03 16.00 134.25 135.34 1.78E-01 1.40E-02 -3.90E-02
3 glacialis 59.32 3.85 15.41 1.01 1.04 1.02 12.00 61.53 60.73 1.05E-01 -1.18E-02 1.73E-03
4 curvata 58.03 4.41 13.15 1.04 1.06 1.02 16.00 61.40 59.20 8.36E-02 -4.02E-02 1.46E-02
5 curvata var. capitata 108.77 5.35 20.35 1.01 1.03 1.02 15.00 112.38 111.11 1.30E-01 6.26E-03 9.76E-04
6 naegelii 125.92 4.00 31.48 1.01 0.88 0.87 17.00 110.38 109.68 1.52E-01 -1.92E-02 -1.10E-02
7 formica 118.27 6.53 18.11 1.01 1.06 1.06 10.00 125.46 124.82 1.18E-01 1.41E-02 -2.09E-02
8 tautoniensis 123.60 6.32 19.55 1.00 1.04 1.04 13.00 128.02 128.27 1.21E-01 -3.59E-03 -2.01E-02
9 rostellata 44.63 4.67 9.56 1.07 1.10 1.04 15.00 49.28 46.20 3.63E-02 -6.17E-02 -3.79E-03
10 lapponica 48.67 5.50 8.85 1.04 1.08 1.04 19.00 52.55 50.67 4.35E-02 1.96E-02 -6.52E-03
11 valida 85.02 6.50 13.08 1.01 1.04 1.03 13.00 88.33 87.79 7.96E-02 1.25E-02 3.63E-03
12 parallela 80.42 5.81 13.83 1.02 1.06 1.04 12.00 85.25 83.89 7.60E-02 -5.98E-03 1.48E-02
13 praerupta var. bidens 62.33 10.77 5.78 1.06 1.14 1.08 10.00 71.22 67.28 -2.80E-02 1.80E-03 -2.50E-02
14 praerupta 56.86 14.08 4.04 1.04 1.16 1.11 10.00 66.08 63.25 -9.53E-02 8.33E-03 -2.30E-02
15 praerupta var.inflata 50.18 14.57 3.45 1.03 1.19 1.15 7.00 59.57 57.57 -1.49E-01 -2.45E-02 -3.14E-02
16 clevei 113.75 22.54 5.05 1.09 1.17 1.07 15.00 132.70 121.28 -5.54E-02 -9.09E-02 9.40E-03
17 indica 82.23 13.51 6.09 1.06 1.10 1.04 12.00 90.63 85.65 -7.59E-03 -2.37E-03 -1.54E-02
18 luna 78.64 11.80 6.67 1.10 1.16 1.06 9.00 91.59 83.60 -3.06E-02 -6.79E-02 7.70E-03
19 maior var. ventricosa 107.13 11.53 9.29 0.99 1.07 1.09 10.00 114.77 116.36 1.02E-02 3.49E-02 4.38E-02
20 maior   143.40 13.56 10.58 1.04 1.07 1.03 11.00 153.70 147.68 6.07E-02 -3.41E-03 3.72E-03
21 monodon 53.06 10.76 4.93 1.08 1.12 1.04 10.00 59.65 55.16 -6.48E-02 -8.73E-03 2.07E-02
22 monodon var. constricta 95.74 11.80 8.11 1.08 1.16 1.07 11.00 111.17 102.84 -2.70E-02 -4.75E-02 3.42E-03
23 zygodon 92.03 18.28 5.03 1.16 1.22 1.06 13.00 112.30 97.12 -1.30E-01 -2.36E-02 4.00E-02
24 suecica 39.84 10.27 3.88 1.32 1.39 1.06 12.00 55.39 42.10 -2.05E-01 -2.32E-02 -8.30E-03
25 triodon 63.64 18.76 3.39 1.21 1.32 1.09 15.00 84.05 69.38 -1.74E-01 -4.62E-02 4.97E-03
26 serra 90.63 13.12 6.91 1.26 1.30 1.03 11.00 117.92 93.44 -1.39E-02 -3.12E-02 9.99E-03
27 serra var. diadema 44.29 13.88 3.19 1.34 1.52 1.13 13.00 67.15 49.96 -2.40E-01 -1.27E-01 1.66E-04
28 obesa var. wardii 62.86 11.43 5.50 1.47 1.59 1.08 13.00 100.21 68.00 -1.77E-01 -1.11E-01 2.94E-02
29 bidentula 35.31 5.10 6.92 1.12 1.16 1.03 17.00 41.06 36.52 -2.60E-02 2.17E-02 4.25E-02
30 hexaglyphis 53.69 7.76 6.92 1.10 1.14 1.04 14.00 61.26 55.90 -4.62E-03 -1.36E-03 1.11E-02
31 diodon 59.58 10.83 5.50 1.08 1.15 1.07 11.00 68.74 63.75 -6.52E-02 1.17E-03 2.33E-02
32 perctinalis FL 77.71 7.50 10.36 1.02 1.05 1.03 10.00 81.57 79.74 8.03E-02 3.00E-02 1.47E-02
33 pectinal var. ventricosa 81.05 7.71 10.51 1.03 1.06 1.03 10.00 86.05 83.51 7.79E-02 -1.31E-03 2.11E-02
34 pectinalis CT 73.34 5.83 12.57 1.03 1.04 1.02 10.00 76.47 74.60 9.18E-02 3.06E-02 2.27E-03
35 perctinalis var. undulata 58.55 6.67 8.78 1.04 1.07 1.03 10.00 62.70 60.30 5.65E-02 1.95E-02 3.65E-02
36 pectinalis var. recta 19.17 2.95 6.49 1.06 1.09 1.03 17.00 20.88 19.72 -2.61E-02 2.40E-02 4.68E-02
37 pectinalis var.minor PA 39.17 5.83 6.72 1.07 1.09 1.02 15.00 42.67 39.89 1.06E-04 3.05E-02 3.48E-02
38 pectinalis var. minor England 26.70 4.20 6.35 1.10 1.13 1.03 15.00 30.30 27.57 -2.83E-02 2.85E-02 5.31E-02
39 soleirolii 36.49 3.93 9.28 1.00 1.06 1.05 13.00 38.55 38.40 3.64E-02 1.00E-02 3.65E-02
40 sudetica 23.93 5.04 4.75 1.02 1.09 1.07 15.00 26.19 25.65 -6.90E-02 5.61E-03 4.10E-02
41 incisa 30.32 4.91 6.17 1.04 1.07 1.03 15.00 32.45 31.31 1.78E-04 -1.40E-03 8.83E-04
42 carolina 31.50 6.67 4.73 1.08 1.12 1.03 14.00 35.18 32.55 -3.15E-02 4.05E-03 4.95E-03
43 tenella 25.17 4.41 5.71 1.04 1.11 1.06 15.00 27.84 26.74 -2.86E-02 2.02E-02 2.22E-02
44 vanheurckii 34.49 9.57 3.60 1.12 1.19 1.06 16.00 41.05 36.58 -1.40E-01 -1.56E-02 -3.22E-02
45 vanheurckii var. intermedia 17.79 4.91 3.62 1.08 1.15 1.07 15.00 20.45 19.00 -1.33E-01 1.18E-02 -1.42E-02
46 elegans 30.34 2.59 11.73 1.02 1.10 1.08 21.00 33.25 32.76 4.73E-02 -7.45E-02 3.50E-02
47 septentrionalis 19.75 5.00 3.95 1.10 1.22 1.11 18.00 24.03 21.85 -1.32E-01 -4.56E-02 1.27E-03
48 arcus 39.15 5.90 6.64 1.05 1.12 1.07 13.00 43.73 41.74 1.27E-02 -4.23E-03 -1.28E-02
49 arcus var. bidens 54.41 5.76 9.45 1.10 1.13 1.03 13.00 61.55 56.11 4.22E-02 -2.45E-03 -7.38E-03
50 arcus var. uncinata 51.94 5.46 9.50 1.09 1.11 1.02 11.00 57.82 53.21 4.87E-02 -6.58E-03 1.11E-02
51 arcus var. fallax 14.06 3.03 4.63 1.06 1.16 1.10 9.00 16.36 15.41 -8.42E-02 2.24E-02 2.94E-02
52 fallax 26.34 3.48 7.57 0.98 1.08 1.10 16.00 28.37 28.98 3.55E-02 5.44E-02 -6.06E-03
53 nymanniana 26.08 3.42 7.63 0.99 1.10 1.11 20.00 28.59 28.83 2.53E-02 3.89E-02 8.48E-03
54 exigua 17 17.75 2.96 5.99 1.02 1.14 1.12 23.00 20.32 19.91 -3.42E-02 -5.85E-04 -5.82E-04
55 exigua 18 14.77 3.06 4.82 0.97 1.15 1.18 23.00 16.94 17.42 -8.37E-02 7.94E-03 -3.24E-03
56 rabenhorstii var. monodon 26.21 5.69 4.61 1.03 1.20 1.17 15.00 31.58 30.72 -1.33E-01 7.22E-02 -1.11E-02
57 gibbosa 32.60 6.18 5.27 1.03 1.16 1.12 11.00 37.88 36.63 -1.46E-01 8.80E-02 -1.02E-02
58 meisteri 11.73 3.50 3.35 1.08 1.25 1.17 21.00 14.71 13.67 -1.48E-01 2.40E-02 -1.74E-02
59 microcephala 9.68 2.52 3.84 1.05 1.16 1.11 20.00 11.24 10.75 -8.92E-02 6.02E-02 2.86E-03
60 trinacria 15.58 3.19 4.88 1.04 1.08 1.04 24.00 16.88 16.26 -3.16E-02 2.46E-02 1.98E-02
61 trinacria var.undulata 14.03 2.48 5.66 1.06 1.13 1.07 24.00 15.90 15.03 -8.46E-03 -7.80E-03 2.27E-02
62 perpusilla 15.19 3.27 4.65 1.06 1.18 1.11 18.00 17.96 16.92 -9.86E-02 -7.81E-03 1.41E-02
63 perminuta WY 15.59 3.52 4.43 1.02 1.14 1.12 17.00 17.80 17.53 -9.04E-02 7.80E-02 1.33E-03
64 perminuta MN 11.01 3.88 2.84 1.16 1.28 1.10 17.00 14.08 12.14 -2.18E-01 1.71E-02 8.66E-03
65 bactriana 37.27 5.90 6.32 1.11 1.21 1.09 17.00 45.04 40.48 1.04E-02 -5.06E-02 -5.75E-02
66 quaternaria 28.72 6.36 4.52 1.12 1.25 1.12 12.00 35.98 32.04 -1.03E-01 -8.62E-02 8.26E-05
203 Acicularis 33.80 3.30 10.24 1.02 1.04 1.02 27.00 35.16 34.39 9.89E-02 -6.10E-03 -2.81E-02
204 Bidentula 31.89 4.29 7.43 1.11 1.14 1.03 28.00 36.49 32.87 1.16E-02 -1.05E-02 -1.25E-03
205 Bidentula 20.46 3.56 5.74 1.20 1.25 1.04 26.00 25.54 21.35 -6.04E-02 -1.73E-02 1.01E-02
206 Bilunaris 44.46 3.86 11.51 1.03 1.06 1.03 22.00 47.25 45.95 7.64E-02 -2.95E-02 -9.16E-04
207 Bilunaris 37.47 2.41 15.55 1.04 1.06 1.02 27.00 39.73 38.03 1.00E-01 -3.85E-02 2.74E-03
208 Camelus 15.35 3.93 3.91 1.30 1.33 1.02 20.00 20.47 15.72 -1.52E-01 -1.01E-01 -1.47E-02
209 Camelus 12.97 4.06 3.20 1.34 1.38 1.03 22.00 17.87 13.30 -1.80E-01 -9.49E-02 -4.38E-02
210 Carolina 25.62 3.86 6.64 1.07 1.08 1.02 22.00 27.79 26.01 4.15E-02 -1.47E-02 -2.73E-02
211 Carolina 21.45 3.53 6.07 1.08 1.10 1.01 27.00 23.57 21.76 1.03E-02 -3.55E-03 7.71E-04
212 Carolina 37.69 3.63 10.38 1.03 1.05 1.02 26.00 39.39 38.34 1.65E-01 -4.22E-04 -2.09E-02
213 Croatana 24.49 1.22 20.05 1.01 1.04 1.03 36.00 25.56 25.19 9.94E-02 1.81E-04 -3.42E-02
214 Croatana 24.92 1.06 23.59 1.00 1.02 1.02 36.00 25.53 25.48 1.54E-01 3.09E-02 -9.20E-03
215 Exigua 12.74 2.31 5.51 1.05 1.15 1.09 34.00 14.61 13.89 1.46E-01 3.52E-02 3.13E-03
216 EExigua 10.30 2.28 4.52 1.16 1.21 1.04 18.00 12.43 10.76 -3.54E-02 6.06E-03 -3.44E-02
217 Femoriforme 70.92 2.48 28.65 1.01 1.03 1.03 51.00 73.26 72.85 -8.61E-02 4.76E-03 -1.65E-02
218 Femoriforme 57.69 1.75 32.98 1.00 1.02 1.02 55.00 59.06 58.92 1.56E-01 1.42E-02 -3.22E-02
219 Incisa 16.34 2.77 5.89 1.09 1.10 1.01 25.00 18.04 16.52 1.64E-01 1.84E-02 -2.72E-02
220 Naegelii 70.89 1.88 37.68 1.01 1.02 1.01 33.00 72.37 71.48 -9.18E-03 -3.85E-04 -4.35E-03
221 Naegelii 55.81 1.68 33.16 1.02 1.04 1.02 39.00 57.89 56.83 1.52E-01 -3.69E-02 2.87E-03
222 Pectinalis 40.26 4.49 8.97 1.05 1.07 1.02 15.00 43.18 41.20 6.76E-02 -6.63E-03 -1.85E-02
223 Pectinalis 25.21 4.13 6.11 1.07 1.10 1.03 17.00 27.86 25.93 -1.92E-03 5.36E-03 -1.30E-02
224 Pectinalis 38.61 4.55 8.48 1.03 1.06 1.03 20.00 40.89 39.81 5.62E-02 2.00E-03 -9.17E-03
225 Pectinalis 29.60 4.22 7.01 1.06 1.10 1.04 15.00 32.64 30.66 1.91E-02 1.56E-02 -2.49E-03
226 PectinalisVARbiarcuata 67.13 4.42 15.18 1.01 1.04 1.02 13.00 69.61 68.68 1.16E-01 1.96E-02 -1.09E-02
Table 2. Raw data collected for modern specimens. TPS Analysis Number is unique to each specimen within the analysis and is used to identify specimens (n=109). L:W denotes the ratio of the valve length to 
valve width. D:V ratio denotes the ratio between dorsal length and ventral length. D:L ratio denotes the ratio of dorsal length to valve length. V:L ratio denotes the ration between ventral length and valve 
length. Scores for relative warp analysis are reported per axis; Rel W#1, RelW#2 and RelW#3 correspond to the first, second and third axes of the relative warp analysis, respectively.
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227 PraeruptaVARmonodonFpolaris 12.67 5.28 2.40 1.03 1.24 1.20 16.00 15.75 15.23 -2.42E-01 6.10E-02 -5.85E-02
228 Pseudofragilaria 22.08 1.29 17.15 1.00 1.02 1.02 30.00 22.54 22.62 1.49E-01 4.35E-02 2.89E-03
229 Pseudofragilaria 18.09 1.35 13.37 1.00 1.02 1.03 30.00 18.54 18.61 1.35E-01 5.51E-02 2.99E-03
230 Quadra 70.04 7.86 8.91 1.04 1.09 1.04 29.00 76.23 73.00 1.23E-01 -5.38E-02 -1.56E-02
231 Quadra 60.40 3.50 17.27 1.05 1.09 1.03 26.00 65.68 62.29 1.12E-01 -5.84E-02 -8.67E-03
232 Romanowi 60.30 1.09 55.36 1.00 1.01 1.01 28.00 60.68 60.64 1.80E-01 2.26E-02 -2.61E-02
233 Romanowi 47.10 1.02 46.03 1.00 1.01 1.01 28.00 47.40 47.45 1.74E-01 3.31E-02 2.50E-03
234 Serra 36.44 12.15 3.00 1.54 1.58 1.02 14.00 57.44 37.32 -1.74E-01 -7.64E-02 -4.02E-02
235 Serra 29.45 6.80 4.33 1.35 1.42 1.05 28.00 41.68 30.89 -9.47E-02 -4.18E-02 -5.02E-02
236 Serra 51.42 9.04 5.69 1.28 1.36 1.06 11.00 69.82 54.36 -6.65E-02 -6.28E-02 -2.06E-02
237 Species2 12.15 3.70 3.29 1.21 1.24 1.02 29.00 15.09 12.43 -1.29E-01 -2.50E-02 -2.45E-02
238 Subarcuatoides 8.85 3.83 2.31 1.29 1.35 1.05 26.00 11.96 9.28 -2.72E-01 -1.04E-03 -3.98E-02
239 Tauntoniensis 66.21 3.83 17.29 1.02 1.06 1.04 34.00 70.04 68.79 1.31E-01 -2.84E-02 -1.37E-02
240 Tauntoniensis 51.62 3.00 17.20 1.04 1.08 1.04 40.00 55.85 53.80 1.08E-01 -3.54E-02 -1.46E-02
241 Vinculi 24.75 2.81 8.82 1.03 1.08 1.05 25.00 26.65 25.88 5.42E-02 5.36E-03 -4.92E-03
242 Yanomami 71.62 9.90 7.23 1.11 1.13 1.02 20.00 80.78 72.94 -1.50E-04 -7.16E-03 -3.37E-03
243 Yanomami 32.81 7.46 4.40 1.16 1.22 1.05 17.00 40.03 34.39 -9.31E-02 -3.86E-02 -2.40E-02
244 Lewisii 33.14 4.29 7.72 1.04 1.07 1.03 24.00 35.38 34.16 3.35E-02 2.62E-02 -4.40E-03
245 Lewisii 43.27 4.03 10.75 1.00 1.04 1.04 26.00 44.98 44.95 7.34E-02 1.75E-02 -3.51E-03
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Analysis 
Number
SPECIMENT Length Width L:W Ratio (D/V)
Ratio 
(D/L)
Ratio 
(V/L)
Average 
Striae 
Density
Dorsal 
Measurement
Ventral 
Measurement
Rel W #1 Rel W #2 Rel W #3
67 Eunotia_145 26.38 5.17 5.10 1.00 1.08 1.08 23.00 28.37 28.44 -3.80E-02 2.84E-02 -2.51E-03
68 Eunotia_146 28.75 3.85 7.48 1.03 1.07 1.04 19.00 30.76 29.79 1.83E-02 -1.64E-02 1.58E-02
69 Eunotia 147 69.09 4.12 16.79 1.04 1.04 1.00 18.00 71.84 69.25 1.02E-01 -1.31E-02 1.66E-02
70 Eunotia_148 19.97 4.02 4.97 1.10 1.12 1.02 19.00 22.39 20.40 -6.77E-02 5.83E-03 3.37E-02
71 Eunotia_149 29.20 5.35 5.46 1.04 1.09 1.05 22.00 31.91 30.72 -2.60E-03 1.32E-02 -2.55E-04
72 Eunotia 150 35.92 4.45 8.07 1.07 1.07 1.00 18.00 38.30 35.82 2.79E-02 -2.29E-02 1.02E-02
73 Eunotia_151 30.06 4.48 6.71 1.04 1.08 1.04 21.00 32.55 31.25 -2.50E-03 6.60E-03 1.76E-02
74 Eunotia_152 23.80 4.73 5.03 1.08 1.11 1.03 21.00 26.51 24.56 -7.00E-02 8.11E-03 1.15E-02
75 Eunotia 153 48.08 4.50 10.69 1.03 1.05 1.02 18.00 50.73 49.28 6.67E-02 -2.58E-02 1.70E-02
76 Eunotia_154 26.66 5.58 4.78 1.02 1.08 1.06 26.00 28.84 28.15 -3.96E-02 2.14E-02 1.43E-03
77 Eunotia_155 30.19 5.20 5.80 1.01 1.06 1.05 20.00 32.03 31.76 -2.27E-03 1.35E-02 -7.25E-03
78 Eunotia 156 21.00 5.00 4.20 1.10 1.06 0.96 21.00 22.20 20.20 -9.92E-02 1.17E-02 -1.32E-02
79 Eunotia_157 78.94 4.52 17.48 1.01 1.04 1.02 16.00 81.74 80.62 1.13E-01 -3.57E-02 2.18E-03
80 Eunotia_158 18.78 4.17 4.50 1.00 1.08 1.08 24.00 20.32 20.25 -7.25E-02 5.98E-02 1.99E-02
81 Eunotia 159 42.38 4.71 9.00 1.04 1.08 1.03 17.00 45.59 43.81 5.14E-02 -2.89E-02 6.09E-03
82 Eunotia_160 28.57 4.62 6.18 1.07 1.09 1.02 18.00 31.25 29.21 -1.41E-02 -8.68E-03 1.75E-02
83 Eunotia_161 22.29 4.44 5.02 1.05 1.10 1.05 23.00 24.50 23.31 -5.98E-03 1.60E-02 3.35E-02
84 Eunotia 162 15.90 4.79 3.32 1.02 1.13 1.10 25.00 17.92 17.52 -1.26E-01 5.47E-02 5.91E-03
85 Eunotia_163 16.54 4.04 4.09 1.02 1.11 1.09 23.00 18.28 18.00 -1.00E-01 3.71E-02 6.99E-03
86 Eunotia_164 36.80 4.98 7.38 1.02 1.06 1.04 21.00 38.95 38.16 3.62E-02 1.40E-02 -1.59E-02
87 Eunotia 165 37.43 4.70 7.97 1.05 1.07 1.02 16.00 40.18 38.12 3.73E-02 -4.08E-02 -5.47E-03
88 Eunotia_166 39.14 4.16 9.42 1.04 1.07 1.02 19.00 41.71 39.95 5.23E-02 -2.20E-02 1.78E-02
89 Eunotia_167 45.83 4.28 10.70 1.05 1.05 1.01 20.00 48.33 46.24 7.07E-02 -1.09E-03 6.71E-03
90 Eunotia 168 46.36 4.45 10.42 1.03 1.05 1.02 19.00 48.68 47.06 7.87E-02 -8.41E-03 1.11E-02
91 Eunotia_169 27.17 5.43 5.01 1.07 1.10 1.02 14.00 29.83 27.78 -3.94E-02 -4.43E-04 -2.33E-03
92 Eunotia_170 20.80 4.08 5.10 1.03 1.09 1.06 25.00 22.68 22.01 -2.91E-02 3.06E-02 -7.34E-05
93 Eunotia 171 40.62 4.16 9.77 1.02 1.04 1.03 16.00 42.43 41.79 6.22E-02 -1.82E-02 4.95E-03
94 Eunotia_172 46.64 4.90 9.52 1.02 1.06 1.04 18.00 49.60 48.47 5.20E-02 -3.69E-02 9.78E-03
95 Eunotia_173 25.57 4.83 5.29 1.04 1.09 1.05 8.00 27.94 26.84 -1.59E-02 1.96E-02 -1.10E-02
96 Eunotia 174 23.23 5.09 4.56 1.03 1.08 1.06 25.00 25.20 24.58 -1.23E-02 1.74E-02 -5.10E-03
97 Eunotia_175 21.99 5.00 4.40 1.06 1.11 1.05 25.00 24.32 23.00 -5.89E-02 2.23E-02 -2.12E-02
98 Eunotia_176 27.52 4.60 5.98 1.06 1.08 1.02 21.00 29.74 28.18 -5.13E-03 3.66E-03 -2.22E-03
99 Eunotia 177 17.46 4.17 4.18 1.03 1.12 1.08 21.00 19.47 18.84 -8.58E-02 4.28E-02 4.03E-03
100 Eunotia_178 29.03 4.83 6.02 1.03 1.08 1.05 23.00 31.43 30.41 3.43E-02 1.60E-02 -1.05E-03
101 Eunotia_179 47.52 3.68 12.92 1.02 1.04 1.01 19.00 49.29 48.23 8.80E-02 7.22E-03 1.66E-02
102 Eunotia 180 19.95 4.20 4.75 1.03 1.08 1.05 25.00 21.59 20.95 -6.68E-02 2.44E-02 1.49E-02
103 Eunotia_181 21.17 4.28 4.94 1.08 1.11 1.03 23.00 23.49 21.74 -3.34E-02 6.02E-02 -1.08E-02
104 Eunotia_182 25.62 3.69 6.94 1.09 1.13 1.03 20.00 28.98 26.51 -1.78E-02 -2.64E-02 2.11E-02
105 Eunotia 183 49.01 4.62 10.61 1.02 1.04 1.02 18.00 50.85 49.75 8.77E-02 1.41E-02 -8.33E-03
106 Eunotia_184 35.41 4.24 8.34 1.03 1.05 1.01 18.00 37.03 35.89 4.61E-02 -3.62E-03 -2.66E-03
107 Eunotia_185 29.92 4.75 6.30 1.06 1.09 1.02 20.00 32.50 30.53 1.88E-04 2.15E-03 3.51E-03
108 Eunotia 186 39.54 4.23 9.35 1.05 1.07 1.02 18.00 42.16 40.32 5.29E-02 -2.58E-02 4.28E-03
109 Eunotia_187 20.91 5.16 4.05 1.00 1.08 1.08 24.00 22.65 22.54 -8.49E-02 5.84E-02 7.20E-03
110 Eunotia_191 20.75 3.69 5.63 1.04 1.09 1.05 23.00 22.66 21.72 -2.67E-02 1.45E-02 6.71E-03
111 Eunotia 192 25.45 4.69 5.43 1.08 1.10 1.03 20.00 28.12 26.10 -4.06E-02 -5.53E-03 -1.70E-03
112 Eunotia_193 18.99 4.34 4.37 1.04 1.10 1.06 26.00 20.89 20.06 -7.79E-02 4.35E-02 2.19E-02
113 Eunotia_194 42.31 4.25 9.97 1.03 1.05 1.02 19.00 44.58 43.23 7.23E-02 -2.38E-02 2.46E-03
114 Eunotia 195 27.34 4.49 6.09 1.02 1.06 1.04 23.00 29.02 28.51 1.47E-02 8.04E-03 -1.48E-02
115 Eunotia_196 18.19 5.55 3.28 1.13 1.17 1.04 20.00 21.25 18.85 -1.34E-01 8.91E-03 -3.23E-02
116 Eunotia_197 41.70 4.12 10.13 1.04 1.05 1.01 18.00 43.79 42.16 7.30E-02 -2.46E-02 8.80E-03
117 Eunotia 198 47.93 4.95 9.69 1.02 1.05 1.02 16.00 50.10 49.06 8.07E-02 -1.41E-02 -3.63E-03
118 Eunotia_199 56.04 4.43 12.66 1.04 1.05 1.01 17.00 58.76 56.54 8.76E-02 -2.41E-02 6.36E-03
119 Eunotia_200 25.19 4.54 5.55 1.04 1.10 1.06 21.00 27.80 26.68 -1.55E-02 2.03E-02 -7.94E-03
120 Eunotia 201 56.64 5.08 11.16 1.03 1.05 1.03 16.00 59.69 58.06 8.70E-02 -4.19E-02 9.85E-04
121 Eunotia_202 18.81 4.50 4.18 1.03 1.11 1.07 20.00 20.83 20.14 -7.53E-02 4.04E-02 -1.41E-02
122 Eunotia_204 38.33 4.20 9.12 1.02 1.05 1.02 19.00 40.07 39.23 5.81E-02 -1.71E-02 3.79E-03
123 Eunotia 207 52.59 5.09 10.34 1.00 1.03 1.03 20.00 53.94 54.04 9.23E-02 1.82E-02 -1.72E-02
124 Eunotia_208 20.71 4.56 4.54 1.05 1.10 1.05 20.00 22.85 21.81 -6.19E-02 1.34E-02 6.66E-04
125 Eunotia_210 32.12 4.82 6.67 1.05 1.09 1.04 19.00 34.89 33.25 2.55E-02 -2.49E-02 1.48E-02
126 Eunotia 211 19.08 3.78 5.05 1.05 1.10 1.05 25.00 21.01 20.10 -3.89E-02 2.23E-02 5.28E-03
127 Eunotia_212 30.38 5.51 5.51 1.01 1.06 1.05 22.00 32.28 32.01 -6.04E-03 2.16E-02 -2.16E-02
128 Eunotia_214 40.72 4.88 8.34 1.05 1.07 1.02 19.00 43.39 41.37 5.08E-02 -2.71E-02 7.71E-03
129 Eunotia 215 31.44 4.52 6.96 1.07 1.08 1.01 19.00 34.00 31.88 1.05E-02 -2.19E-02 9.32E-03
130 Eunotia_216 53.44 5.26 10.17 1.02 1.05 1.02 20.00 56.11 54.76 7.85E-02 -2.93E-02 -1.20E-02
131 Eunotia_218 24.77 4.24 5.84 1.06 1.09 1.03 21.00 26.98 25.44 -4.39E-05 3.63E-03 -2.07E-02
132 Eunotia 219 37.19 4.13 9.00 1.06 1.08 1.02 18.00 40.18 37.98 4.66E-02 -2.91E-02 8.28E-03
133 Eunotia_220 15.26 4.00 3.82 1.04 1.12 1.08 23.00 17.16 16.49 -8.52E-02 4.10E-02 -1.85E-02
134 Eunotia_221 52.69 4.85 10.85 1.03 1.06 1.03 15.00 55.88 54.25 7.06E-02 -4.17E-02 -3.82E-03
135 Eunotia 222 18.87 4.42 4.27 1.02 1.09 1.07 26.00 20.63 20.25 -4.62E-02 2.69E-02 -9.65E-03
136 Eunotia_223 42.66 4.18 10.20 1.04 1.06 1.02 17.00 45.39 43.54 7.12E-02 -2.63E-02 3.57E-04
137 Eunotia_224 30.08 4.65 6.47 1.07 1.10 1.02 19.00 32.98 30.70 -9.40E-04 -2.24E-02 8.75E-03
138 Eunotia 225 27.39 4.38 6.25 1.01 1.06 1.05 23.00 29.06 28.79 3.74E-02 9.64E-03 -2.27E-02
139 Eunotia_226 46.16 4.25 10.86 1.03 1.05 1.02 19.00 48.60 47.11 6.68E-02 -2.36E-02 1.23E-02
140 Eunotia_227 32.16 4.43 7.26 1.05 1.07 1.02 20.00 34.44 32.70 3.03E-02 -1.79E-02 -7.06E-03
141 Eunotia 229 24.01 5.57 4.31 1.10 1.13 1.03 20.00 27.21 24.84 -4.48E-02 2.56E-02 8.04E-03
142 Eunotia_230 19.36 4.57 4.24 1.11 1.13 1.02 20.00 21.79 19.71 -7.92E-02 8.58E-03 -1.13E-03
143 Eunotia_233 35.91 4.31 8.33 1.05 1.07 1.02 19.00 38.53 36.62 3.25E-02 -1.37E-02 9.87E-03
144 Eunotia 234 21.26 4.03 5.27 1.05 1.09 1.04 24.00 23.26 22.10 -3.46E-02 7.14E-03 6.37E-03
145 Eunotia_236 33.82 4.16 8.12 1.06 1.06 1.00 20.00 35.71 33.70 3.65E-02 -3.23E-02 -4.04E-03
146 Eunotia_237 15.43 4.12 3.74 1.07 1.15 1.08 26.00 17.71 16.61 -8.04E-02 3.43E-02 -1.68E-02
147 Eunotia 239 19.99 4.40 4.55 1.02 1.08 1.06 23.00 21.60 21.19 -3.99E-02 2.41E-02 -1.54E-02
148 Eunotia_240 48.41 4.20 11.52 1.02 1.04 1.02 18.00 50.39 49.44 8.90E-02 -1.71E-02 -9.65E-03
149 Eunotia_241 32.00 4.00 8.00 1.05 1.09 1.04 19.00 34.98 33.20 4.14E-02 -8.16E-05 -4.46E-03
150 Eunotia 242 31.00 4.00 7.75 1.08 1.12 1.03 18.00 34.57 31.91 3.43E-02 -2.87E-02 -2.81E-03
151 Eunotia_244 22.00 4.00 5.50 1.06 1.17 1.11 23.00 25.77 24.42 -5.09E-02 1.94E-02 1.84E-02
152 Eunotia_245 56.00 5.00 11.20 1.04 1.08 1.04 16.00 60.52 58.26 9.41E-02 -2.54E-02 -1.46E-02
153 Eunotia 246 48.00 5.00 9.60 1.07 1.10 1.03 16.00 52.91 49.63 6.20E-02 -4.13E-02 5.76E-04
154 Eunotia_247 23.00 3.50 6.57 1.05 1.10 1.05 24.00 25.39 24.12 -8.15E-03 2.58E-02 5.36E-03
155 Eunotia_251 25.00 4.00 6.25 1.07 1.11 1.04 22.00 27.83 25.94 -9.78E-03 2.96E-02 -8.81E-03
156 Eunotia 87 16.85 3.20 5.27 1.03 1.08 1.05 28.00 18.20 17.74 -3.50E-03 1.66E-02 6.78E-03
157 Eunotia_88 15.69 2.55 6.15 1.05 1.09 1.04 27.00 17.08 16.32 -2.93E-03 8.93E-03 8.99E-03
158 Eunotia_89 18.50 4.44 4.16 1.03 1.11 1.07 25.00 20.47 19.88 -3.79E-02 2.78E-02 -6.77E-03
159 Eunotia 90 34.30 4.69 7.32 1.00 1.04 1.05 19.00 35.73 35.87 3.86E-02 1.79E-02 -2.16E-03
160 Eunotia_91 31.08 5.61 5.54 1.09 1.14 1.05 18.00 35.58 32.57 -4.08E-02 -5.50E-02 4.15E-02
161 Eunotia_92 13.03 3.49 3.73 1.10 1.15 1.05 27.00 15.03 13.69 -7.87E-02 1.37E-02 1.47E-03
Table 3. Raw data collected for fossil specimens. TPS Analysis Number is unique to each specimen within the analysis and is used to identify specimens (n=136).L:W denotes the ratio of the valve length to valve width. D:V 
ratio denotes the ratio between dorsal length and ventral length. D:L ratio denotes the ratio of dorsal length to valve length. V:L ratio denotes the ration between ventral length and valve length. Scores for relative warp 
analysis are reported per axis; Rel W#1, RelW#2 and RelW#3 correspond to the first, second and third axes of the relative warp analysis, respectively.
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162 Eunotia_95 26.41 4.59 5.76 1.10 1.14 1.04 21.00 30.17 27.47 -2.83E-02 -3.99E-02 4.96E-02
163 Eunotia 96 30.61 3.48 8.80 1.03 1.06 1.03 21.00 32.39 31.56 7.09E-02 3.35E-03 6.10E-03
164 Eunotia_97 24.34 4.28 5.68 1.00 1.06 1.06 22.00 25.86 25.76 -6.72E-03 4.16E-02 -5.34E-03
165 Eunotia_98 29.17 4.78 6.10 1.06 1.09 1.03 10.00 31.94 30.15 1.40E-02 -1.95E-02 -2.81E-02
166 Eunotia 99 37.55 2.94 12.77 1.01 1.04 1.03 22.00 39.14 38.64 9.02E-02 -1.43E-03 2.30E-02
167 Eunotia_100 27.29 4.22 6.46 1.01 1.06 1.05 19.00 28.87 28.65 1.63E-02 3.33E-02 -1.27E-02
168 Eunotia_101 22.95 4.10 5.60 1.02 1.07 1.05 23.00 24.52 24.14 -8.85E-03 3.58E-02 -6.22E-03
169 Eunotia 102 45.71 4.27 10.71 0.99 1.03 1.04 20.00 47.15 47.62 7.43E-02 2.70E-02 -2.98E-03
170 Eunotia_103 16.22 2.79 5.82 1.04 1.08 1.04 26.00 17.56 16.82 -1.04E-02 1.18E-02 -1.74E-02
171 Eunotia_104 18.54 3.80 4.88 1.04 1.09 1.05 26.00 20.27 19.47 -5.69E-02 3.77E-02 1.51E-02
172 Eunotia 105 13.25 3.66 3.62 1.06 1.14 1.07 17.00 15.06 14.16 -1.31E-01 -1.53E-03 -1.69E-02
173 Eunotia_106 15.05 3.57 4.21 0.99 1.08 1.09 26.00 16.30 16.43 -6.62E-02 4.43E-02 -8.27E-03
174 Eunotia_108 16.11 3.17 5.07 1.06 1.11 1.05 28.00 17.92 16.94 -2.33E-02 2.49E-02 -8.44E-03
175 Eunotia 110 25.69 4.75 5.40 1.05 1.12 1.06 21.00 28.68 27.25 -2.55E-02 -2.82E-02 1.18E-02
176 Eunotia_111 15.41 2.77 5.57 1.04 1.08 1.04 27.00 16.65 16.05 -1.73E-02 2.59E-02 3.29E-03
177 Eunotia_112 25.62 3.87 6.61 1.04 1.07 1.04 25.00 27.52 26.56 2.96E-02 3.03E-02 -5.96E-04
178 Eunotia 113 39.91 4.56 8.75 1.00 0.97 0.97 23.00 38.65 38.56 6.83E-02 5.33E-03 -1.44E-02
179 Eunotia_114 12.09 4.27 2.83 1.03 1.13 1.10 22.00 13.70 13.26 -1.84E-01 8.20E-02 8.08E-03
180 Eunotia_115 60.81 3.31 18.37 1.01 1.03 1.02 21.00 62.43 61.96 1.30E-01 -1.95E-02 -1.70E-02
181 Eunotia 116 16.95 3.20 5.30 0.95 1.00 1.06 26.00 17.02 17.89 -1.40E-02 3.11E-02 -1.23E-02
182 Eunotia_117 26.45 5.44 4.86 1.11 1.15 1.04 22.00 30.47 27.46 -6.48E-02 -1.27E-02 2.30E-02
183 Eunotia_119 16.73 2.71 6.17 1.02 1.06 1.04 29.00 17.77 17.41 1.73E-02 3.15E-02 7.97E-03
184 Eunotia 120 33.44 4.16 8.05 1.04 1.07 1.03 21.00 35.79 34.57 4.20E-02 3.44E-02 9.84E-03
185 Eunotia_121 18.93 3.01 6.29 1.02 1.07 1.05 29.00 20.20 19.86 3.83E-03 7.62E-03 4.87E-03
186 Eunotia_122 16.99 2.73 6.21 1.04 1.08 1.03 28.00 18.34 17.56 1.34E-02 1.74E-02 -9.58E-03
187 Eunotia 123 17.70 3.84 4.61 1.02 1.08 1.06 24.00 19.16 18.84 -6.96E-02 3.38E-02 2.34E-02
188 Eunotia_125 28.46 5.43 5.24 1.10 1.16 1.05 21.00 33.11 30.00 -3.86E-02 -3.16E-02 2.45E-02
189 Eunotia_126 15.85 2.57 6.17 1.00 1.09 1.09 15.00 17.20 17.28 3.36E-02 -2.76E-03 -1.96E-02
190 Eunotia 128 27.31 3.86 7.07 1.04 1.07 1.03 24.00 29.21 28.07 1.73E-02 2.45E-02 2.02E-02
191 Eunotia_129 16.68 2.86 5.83 1.05 1.10 1.05 29.00 18.37 17.47 -8.20E-03 -1.28E-03 2.28E-03
192 Eunotia_131 28.22 4.33 6.52 1.13 1.17 1.03 21.00 33.06 29.16 -4.04E-02 -2.98E-02 4.58E-02
193 Eunotia 132 27.36 4.48 6.11 1.14 1.18 1.03 20.00 32.32 28.31 -3.10E-02 -5.42E-02 2.32E-02
194 Eunotia_133 16.53 4.26 3.88 1.11 1.19 1.07 17.00 19.63 17.61 -9.60E-02 -2.73E-02 4.70E-03
195 Eunotia_134 20.21 3.30 6.12 1.01 1.06 1.05 29.00 21.47 21.23 8.19E-03 3.02E-02 3.58E-03
196 Eunotia 136 33.33 4.98 6.69 1.05 1.08 1.03 11.00 35.87 34.26 3.92E-02 -7.62E-03 -1.97E-02
197 Eunotia_137 29.41 5.21 5.64 1.08 1.15 1.07 19.00 33.87 31.33 -7.08E-02 -5.29E-02 2.38E-02
198 Eunotia_140 25.30 3.84 6.59 1.00 1.05 1.04 20.00 26.45 26.43 1.28E-02 3.06E-02 8.66E-03
199 Eunotia 141 39.14 4.56 8.59 1.02 1.06 1.04 21.00 41.42 40.78 4.84E-02 1.11E-02 -6.11E-03
200 Eunotia_142 17.41 2.90 6.01 1.01 1.08 1.07 24.00 18.78 18.58 2.64E-02 4.06E-02 -1.53E-03
201 Eunotia_143 16.10 2.72 5.92 1.05 1.08 1.03 22.00 17.43 16.57 -1.57E-02 1.17E-02 2.33E-02
202 Eunotia_144 34.05 5.18 6.57 1.06 1.10 1.03 8.00 37.31 35.10 2.94E-02 -1.63E-03 -1.57E-02
65
Variables r value r squared p n
Log Length vs.Log 
Width 0.445 0.198 <0.001 109
Log Length vs.Log 
Width 0.417 0.174 <0.001 136
L:W vs. Realtive 
Warp Score #1 0.594 0.353 <0.001 245
 Log L:W vs. 
Realtive Warp 
Score #1
0.837 0.701 <0.001 245
Width vs. Relative 
Warp Score #1 0.334 0.112 <0.001 245
Length vs. Relative 
Warp Score #2 0.281 0.0787 <0.001 245
Width vs. Relative 
Warp Score #2 0.354 0.125 <0.001 245
L:W Ratio vs. 
Relative Warp 
Score #2
0.0232 0.000538 0.718 245
Log L:W Ratio vs. 
Relative Warp 
Score #2
0.1 0.01 0.118 245
D:V Ratio vs. 
Relative Warp 
Score #1
0.549 0.301 <0.001 245
Log D:V Ratio vs. 
Relative Warp 
Score #1
0.558 0.312 <0.001 245
Log D:V vs. 
Relative Warp 
Score #2
0.544 0.296 <0.001 245
Log D:L vs. 
Relative Warp 
Score #1
0.144 0.0207 0.024 245
Log D:L vs. 
Relative Warp 
Score #2
0.0345 0.00119 0.591 245
Log V:L 
vs.Relative Warp 
Score #2
0.05 0 0.37 245
Log V:L 
vs.Relative Warp 
Score #1
0.14 0.02 0.032 245
Log V:L vs. 
Relative Warp 
Score #2
0.05 0 0.37 245
Table 4. Results of linear regressions using data for modern(n=109), 
fossil(n=136) and all specimens (n=245). Log10 was used for data 
transformations if data was transformed.
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Dorsal Length vs. 
Relative Warp 
Score #1
0.34 0.12 <0.001 245
Dorsal Length vs. 
Relative Warp 
Score #2
0.35 0.12 <0.001 245
Dorsal Length vs. 
Relative Warp 
Score #3
0 0 1 245
Width vs. Relative 
Warp Score #3 0.04 0 0.57 245
Length vs. Relative 
Warp Score #3 0 0 1 245
Ventral Length vs. 
Relative Warp 
Score #1
0.41 0.17 <0.001 245
Ventral Length vs. 
Relative Warp 
Score #2
0.28 0.08 <0.001 245
Ventral Length vs. 
Relative Warp 
Score #3
0 0 0.94 245
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Data set Variables Degrees ofFreedom p n
Fossil and 
Modern D:V ratio 1 0.084
136 
Modern, 
109 fossil
Fossil and 
Modern Width 1 0.175 136; 109
Fossil and 
Modern
Ventral 
Length 1 <0.001 136; 109
Fossil and 
Modern Striae Density 1 <0.001 136; 109
Fossil and 
Modern Dorsal Length 1 <0.001 136; 109
Fossil and 
Modern L:W Ratio 1 0.063 136; 109
Fossil and 
Modern D:L Ratio 1 <0.001 136; 109
Fossil and 
Modern V:L Ratio 1 0.002 136; 109
Fossil and 
Modern Length 1 <0.001 136; 109
Table 5. Results of one way ANOVA statistical analyses 
comparing modern(n=109) and fossil(n=136) specimens.
68
